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PREFACE. 



The powers acquired by County and District 

Councils under the " Local Government " Acts of 

1888 and 1894, with respect to the control of highways, 

^ have completely revolutionised the system of road 

1^ management in this country. While greater efficiency 

has thus been rendered possible, and roads are 

ri beginning to be adapted throughout the Kingdom to 

I modern conditions of traffic, greater skill and more 

^ extended knowledge are also demanded in their 

^ construction and maintenance. 

It is surprising, considering its importance, that in 
recent years more attention has not been paid to 
the provision of practical and sufficiently available 
information on this subject. 

In our opinion, therefore, there is need for a work 
which, while essentially of an elementary nature, 
nevertheless deals with such of the inherent difficulties 
of the subject as are sure to confront the student who 
desires to become familiar with the principles which 
should guide him in his daily practice. 
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Amongst these there are no problems more difficult, 
both to the beginner and to the experienced surveyor, 
than those dealing with the relative value of different 
kinds of road stone, a point which has hitherto 
been practically neglected by writers on this branch 
of engineering. 

We have, therefore, deemed it advisable to devote 
more space to this branch of the subject than is 
usually given ; for we hold strongly to the view that 
no one can possibly become an efficient road 
engineer, or surveyor, unless he is at least familiar 
with the nature and properties of the materials at 
Iiis disposal. 

A great part of the following chapters has already 
appeared in the student's column in The Builder, 
Advantage has, however, been taken of the present 
opportunity to make a complete revision of the text, 
and to endeavour by some rearrangement and 
addition of matter to increase the utility and scope 
of the work, and to bring it thoroughly up to the 
standard of the modern requirements of the road 
engineer. 

The majority of the illustrations were specially 
drawn for the series of articles above mentioned, but 
we have also to express our obligations to the 
proprietors of The Quarry for the loan of several 
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blocks which have appeared in the pages of that 
journal 

In a work of joint authorship, it is often very 
difficult to apportion the responsibility of each. This 
task we shall not attempt, and the fact that we are 
mutually willing to take an equal share of this 
responsibility renders it unnecessary. In the science 
of road-making, everyday practice is so variable, and 
so much is of necessity controversial, that we cannot 
hope altogether to escape adverse criticism; but 
beneath all the confusion of controversy and diversity 
• of expert opinion there lie great and incontestable 
principles, and it is these that we have endeavoured 
to elucidate to the best of our ability. 

ALLAN GREENWELL. 
J. VINCENT ELSDEN. 



49, Essex Street, Strand, W.C. 
October^ 1901. 
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CHAPTER I. 

Introduction. — Points to be Considered in thr 
Selection of Road Material. — What is a 
"Road Stone?'' — Geological Distribution of 
Road Stone. — Igneous Rocks, — Qualifications 
OF A GOOD Road Stone, 

Introduction.— In the following pages it is proposed to 
deal with the subject of roads in a manner that will be at 
once both progressive and exhaustive — progressive, that is 
to say, so far as to suit the requirements of the road student, 
and exhaustive so far as the limits of this work permit. For 
this purpose we shall first consider the nature of the 
materials which are available in this country for road con- 
struction, their mineralogical and chemical nature, as well 
as their relative merits or disadvantages when used for this 
purpose. Having in this way gained a fairly comprehensive 
view of the different materials which are employed, we shall 
next proceed to examine the methods which should be 
adopted in the selection of the most suitable road material. 
Finally, details will be given of the methods of road con- 
struction, and of the best means of securing the maximum 
efficiency of the material selected. The three words in 
italics, viz., materials ^ selection^ and efficiency will, therefore, 
form the keynotes to these pages, for in them lies the whole 
secret of successful road-making. Unfortunately, it is not 
possible to use the best materials in every case ; it is not 
even advisable to use always the hardest and most durable 
material for roads of every class, without due consideration 
being given to the nature of the traffic and other local 
circumstances. But it is possible to use every material to 
the best advantage. Even inferior road stone has its uses. 
Considerations of cost often compel Local Authorities to use 
a road metal which would otherwise be discarded. To have 
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4 ROAD-MAKING. 

every road and by-road in a district constructed in the best 
possible manner, and of the most suitable material, would 
involve an expenditure which would be altogether unjuslifi- 
able. But if we know the shortcomings of the stone which 
we are compelled by circumstances to use, we can often, by 
suitable construction, so minimise its defects that an 
efficient road will be the result. This is one of the great 
advantages of an accurate knowledge of the nature and 
composition of all kinds of road material, good, bad, or 
indifferent. 

In other cases the question of expense will not be so 
important a consideration. A good road, of the very best 
quality, must, in many cases, be maintained at any price. 
This is more particularly so in the case of roads subjected 
to the heavy traffic of a large manufacturing district, where 
not only is it not compulsory to use local material, but 
rather to select the very best road stone which can be 
procured, whatever may be its cost. Here, again, an inti- 
mate knowledge is necessary of the mineralogical composi- 
tion, chemical durability, and mechanical strength of road 
stones, before a correct judgment can be formed as to the 
most suitable of the many high-class stones which the 
country affords. 

It must not be imagined, however, that economy is 
always to be secured by using the cheapest material. 
Experience has abundantly proved that the cost of mainte- 
nance is so much greater when inferior material is made to 
carry an amount of traffic for which it is not naturally 
suited, that a distinct saving has often been effected by the 
use of a more costly material. The natural result of the 
recognition of this fact has been a growing disposition to 
use a better road material, even at a greater initial cost, 
rather than to continue to employ local material of poorer 
quality. The reason for the saving thus effected is to be 
found in the constant labour which must be bestowed 
on roads subjected to heavy traffic, to preserve a proper 
surface, if an unsuitable material is used in their construc- 
tion, to say nothing of the increased annual expenditure 
involved in their repair. This point it is most important 
to bear in mind, and when we come to the consideration 
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of cost we shall have occasion further to illustrate this 
principle. 

Points to be Considered in the Selection of Road 
Material. — There are, therefore, a great many points for 
consideration in the selection of road stones, which we may 
briefly sum up under the following heads : — 

1. Cost, including both the first cost of the material 

and the subsequent cost of maintenance. 

2. Durability^ taking into consideration the nature of 

the traffic to which the road is subjected. Thus 
a marine promenade, used exclusively for light 
carriage traffic, requires different treatment from 
a road in the precincts of a busy .manufacturing 
town, for the heavy traffic of which only the 
very best material and construction would be 
suitable. 

3. Freedom from natural decay under the influence of 

the weather and other chemical conditions pre- 
vailing in a road. 

4. Ease of traction and foothold^ by which not only is 

economy effected in horse-power, but also a more 
pleasant surface is ensured for carriage traffic. 

5. Cleanliness^ or freedom from dirt, mud, and dust ; 

a condition which depends to some extent upon 
durability, but also upon other considerations to 
be explained hereafter. 

6. Freedom from noise, 

7. Uniformity of wear, by which alone can a smooth 

surface be permanently maintained. 

8. Suitability for all gradients, 

9. Appearance, a matter of considerable importance in 

the neighbourhood of pleasure resorts. 

A great deal of knowledge can, therefore, be put into 
the scientific study of road materials. Chemistry, min- 
eralogy, and geology all contribute their share of this 
knowledge, while many problems involved in the principles 
of road construction require some insight into mechanics. 
All these scientific questions we shall endeavour to solve in 
a simple and intelligible manner, but at the same time it 
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must be pointed out that the road student will derive much 
assistance from a knowledge of the principles of the above- 
mentioned sciences, not only in the identification of rocks 
and the examination of their mineralogical composition 
and durability, but also in the discovery of local supplies 
of road material, which, perhaps^, for various unknown 
reasons have been allowed to remain neglected. 

What is a " Road Stone*'?— The term "road stone," 
strictly speaking, includes only those natural inorganic rocks 
which are capable of being used in the construction of roads 
or pavements. It does not include certain organic materials, 
such as wood or tar, or artificial substances like brick or clay. 
These, however, will be discussed in their turn, although for 
the present wtf propose to confine our attention to road 
stone in its more restricted sense. 

Geological Distribution of Road Stone. — ^There 
are probably few localities in which stone of some kind is 
not to be found. The surface of our earth, as probably even 
the non-geological reader is aware, is carved by natural- 
agencies out of the various sediments which, from time to 
time, have been deposited one upon the other. These 
sediments may be soft and incoherent, or hard and con- 
solidated by age and chemical induration. Even the softest 
rock substance usually contains some hard material, the 
result of natural cementing processes effected by percolating 
water holding in solution various soluble substances. The 
geological names and the order of deposition of these sedi- 
ments are given in the following table, which also shows in 
a general manner the geological distribution of the materials 
which are commonly employed as road metal A glance at 
a geological map of the British Isles will show which of these 
stratified rocks form the surface of any particular locality, 
and the nature of the road material which they might be 
expected to contain. 

Recent — Gravels, shingle, beach flints, brick-earths, 

clays and river-muds for the manufacture of 

cement. 

G^/tf«Vz/.-T-Gravels, brick-earths, drift boulders. 

Plioceney Miocene, Oligocene, Eocene, — Gravels and 

conglomerates, a few limestones of very local 
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MATERIALS. 9 

occurrence, some indurated sands forming grey 
wether sandstones or Sarsen stones; septarian 
nodules for cement. 

Cretaceous, — Chalk flints, limestones, ragstones, malm 
rock, ironstone, chert, flagstones. 

Oolite. — Limestone, calcareous grit, flagstones. 

Xm^.-^Marlstone, hydraulic limestone. 

7Wia5. -^Sandstone, flagstone. 

Permian,— yL^^ntsiaca limestone, sandstones. 

Carboniferous. — Limestone, sandstone, flagstone, chert, 
whinstone, basalt. 

Devonian, — Limestone, sandstone, elvan, granite, 
flagstone. ' -- 

Silurian, — Grits, limestone, felslone, and various 

"^eruptive rocks." ' . - . 

Cambrian,* — Grits, eruptive rocks. 

Pre-Cambrian, — Eruptive and metamorphic rocks. 
Ig^neous Rocks. *^In addition to these stratified rocks 
there are other rock masses, resulting- from the action of the 
earth's internal heat, which break indiscriminately through 
the sedimentary strata. These have all cooled from a 
molten state^ and are therefore called igneous rocks. The 
crust of the earth is made up entirely of these two kinds of 
rocks, each of which aflbrds material capable of being used 
as road stone ; but, as will presently be seen, the qualifica- 
tions of the igneous rocks for this purpose are usually far 
greater than even the hardest of the sedimentary rocks. 
This result follows naturally from their mode of origin. 
Igneous fusion and the resulting crystallisation of the 
molten mass on cooling have combined to produce a more 
coherent and intimately blended mass gf rock than could 
possibly be produced by the cementing together of loose 
fragmentary materials. At first sight this conclusion might 
not appear to be correct, for the sedimentary rocks, having 
in many cases been derived from igneous rocks by their 
decomposition and breaking up, might be expected to 
contain the more durable components of the latter. The 
efficiency of a road stone, however, does not depend so 
much upon the durability of its ultimate particles as upon 
the strength of the material by which these particles are 
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held together. When once the rock is broken down into 
its constituent particles, its value as road metal ceases, 
however durable the fragments may individually be. We 
have to look at something more than the chemical composition 
of the separate components aggregated together into the rock. 
We must consider how far the rock is capable of resisting 
mechanical abrasion, its capability of resistance to the 
crushing forces of pressure and percussion, its power of 
withstanding the disintegrating influences of the weather, 
its capability of binding into a permanently compact mass 
in the road, and its general suitability to the particular 
purpose for which it is intended. Some rocks, for example, 
eminently suitable in all respects, for use in an ordinary 
macadamised road, are unable to be employed as setts for 
paving on account of their tendency to wear to a smooth 
and slippery surface, upon which foothold is difficult or 
impossible. 

Qualifications of a good Road Stone.— We may 

conveniently sum up the necessary qualifications of a good 
road stone under the following heads : — 

I. Hardness, \ ^ ^. • v • n j ^ 

2 Toughness [ ^^'operties requisite in all road stone, 

3. Durability, ] "^^^^^^^ "^ed for setts or macadam. 

4. Binding Properties. — In the case of macadam only. 

5. Maintenance of a Rough Surface under Friction. — 

In the case of setts only. 

Hardness and toughness are two qualities which may be 
diametrically opposed to one another. Some rocks, 
although extremely hard, are yet so brittle that they pul- 
verise readily under pressure. Hardness is also often 
conducive to the acquisition of a polished surface under 
the influence of friction, a property which, as we have seen, 
is fatal to paving stones. Durability is a matter which is 
chiefly dependent upon the chemical nature of the minerals 
present. The tendency to decompose or weather is present 
in nearly all rocks when brought under the oxidising 
influence of air and water. In a road this tendency is 
still further intensified by the chemical influence of 
decomposing animal excreta. . Many rocks, which on 
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extraction from the quarry are fresh and apparently 
durable, speedily become soft and rotten when exposed to 
the conditions prevailing on an ordinary road. 

We see, therefore, that the question of the selection of 
road stone is one of no little complexity. On the one 
hand, we have the local considerations already enumerated 
above, and on the other hand we have the quality of the 
stone itself and the extent to which it fulfils local require- 
ments. To reconcile these conflicting elements is often 
impossible, but the problem becomes simplified in propor- 
tion as our knowledge increases of the nature and properties 
of the materials which are employed. 
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CHAPTER 11. 

Granite, — Conditions Affecting the Durability of 
Granite. — Mineralogical Composition, — Tex- 
ture — Mode of Crystallisation. -^ Orienta- 
tion of Crystals. — Foliation. — Absorptive 
Power.— Joints. -r Position in the Quarry, 

Granite. — We restrict the term granite to its proper 
geological significance, and do not include under this term 
the very miscellaneous assemblage of rocks which the 
custom of the stone trade has caused to be known by this 
name. The student must be here warned against forming 
an opinion of the nature of any particular stone from its 
trade name. Many of the so-called granites have no real 
claim to this designation. Granite is a plutonic igneous 
rock, that is, a rock which has resulted from the cooling 
and crystallisation of a molten magma at a depth below the 
surface under circumstances of heat and pressure which do 
not obtain in the case of lavas ejected in a molten state upon 
the surface. The result of this deep-seated origin of granite 
has been a slow and gradual consolidation favourable to the 
perfect development of the crystalline forms of its con- 
stituent minerals. For this reason rocks of this class are 
termed holocrystalline^ which implies that it is made up 
exclusively of crystalline particles, having clear and well- 
defined boundaries without any intervening matrix. 

The molten magma from which granites have originated 
was invariably characterised by a high percentage of silica, 
which has played the chemical r61e of an acid in uniting 
with the various metallic oxides present in the magma to 
form salts called silicates. The excess of silica usually 
results in the formation of silicates containing a high silica 
percentage, and the surplus, over and above what is capable 
of entering into combination as silicate, crystallises out in 
the free form of quartz. We shall see that the particular 
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manner in which this takes place exercises an important 
influence upon the value of the resulting granite for 
practical purposes. 

Granite is, therefore, described as an acid rock, a class 
which includes all igneous rocks containing more than 66 
per cent of silica. The silica percentage may, in fact, rise 
as high as 80, but in few, if any, true granites does it fall 
below 66. Again, silica being a substance of lower specific 
gravity than the various metallic oxides usually present in 
igneous rocks, the granites are generally lighter in weight 
than rocks containing a smaller silica percentage, their 
specific gravity being usually about 2*5, but varying with 
their mineralogical composition within narrow limits. 

It is not, however, necessary to submit a rock to chemical 
analysis before deciding whether it rightly belongs to the 
granites. In practice they are generally easily recognised 
by their holocrystalline appearance and the presence of 
free quartz in considerable quantity. It is only in very 
fine-grained rocks that any difficulty should occur. 

The other minerals, besides quartz, which are essentially 
present in granite, are some variety of alkali felspar, and 
some form of mica, or a ferro-magnesian silicate. In 
addition to these there are usually present one or more 
accessory constituents in variable quantity The proportion 
in which these minerals exist in granite varies between 
considerable limits. The percentage composition of the 
De Lank granite was determined by Rutley, as follows : — 

Felspar (orthoclase) 30 parts 

„ (triclinic) 6 „ 

Mica (muscovite) 11 „ 

„ (biotite) ... ... ... 7 »> 

Quartz . ^. ... ... ... ... 46 „ 

The Donegal granite consists of : — 

Felspar ^orthoclase) 24-33 

„ (triclinic) 41 -88 

Mica (biotite) ... ... 3*16 

Quartz 30*63 

The felspars of granite are generally of more than one kind, 
both potash and soda varieties being usually present. Upon 
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the nature of the felspar the durabilitj' of granite largely 
depends. The potash felspar is the monochnic form known 
as orthoclase, often recognisable by its occurrence in single 
crystals or in simple twins, distinguishable by their difference 
of lustre when viewed by reflected light. In British granites 
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another form of potash felspar called mtcrocHne is often 
present. This is triclinic in its crystallisation, but chemi- 
cally it is almost identical with orthoclase. The determina- 
tion of the amount of soda felspar present in the rock is of 
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great importance with respect to its durability. Two forms 
of soda felspar are commonly found in granite, viz., albite or 
true soda felspar, and oiigociase or soda-lime felspar. The 
lime felspar, anorthite^ is occasionally, though rarely, present 
Even orthoclase and microcline commonly contain some 
proportion of soda, due possibly to an admixture of traces 
of albite intergrown into them. Triclinic felspars are con- 
veniently grouped under the general term plagioclase^ and can 
sometimes be recognised in a rock by a fine parallel striation 
due to multiple twinning. Of the micas present in granite 
two forms are to be readily distinguished. Of these the 
white mica, or Muscovite^ is the more durable, being always 
found clear and unweathered, even in the sands and clays 
derived from the degradation of granite. Next to quartz it 
is the most stable constituent of granite. The dark mica, 
known as biotite^ is rich in iron oxides, and is often found in 
a more or less decomposed or altered state, being of inferior 
chemical stability when compared with muscovite. The 
proportion of mica in granite varies considerably. Some 
granites, notably certain kinds of Scotch and Guernsey 
granites, have but little mica, or even occasionally none 
at all. 

Hornblende^ of which the aluminous variety is common in 
many granites, is a constituent of importance in a road 
stone on account of its toughness. Unlike mica, which 
is soft and readily cleaved into thin lamellar plates, horn- 
blende usually occurs in stout, fibrous prisms of dark green 
colour. 

The accessory minerals found in granite are numerous, 
the most important, from the point of view of its durability, 
being iron oxide and pyrites. 

Conditions affecting the Durability of Granite. 
— The great differences which are to be noticed in the 
chemical durability and resistance to mechanical disinte- 
gration in different varieties of granite may be ascribed to 
various causes, amongst which the following are the most 
important : — 

I. Mineralogical Composition.— As already men- 
tioned, the minerals of greatest resistance to chemical 
alteration are quartz and muscovite mica. The other 
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constituents, however, possess very unequal chemica 
stability. Some granites are found to lose as much as '25 
per cent, of their weight by solubility in water alone, and as 
much as 5 per cent, by solubility in hydrochloric acid. The 
nature of the felspar is one of the most important considera- 
tions affecting the durability of this class of rock, some 
varieties being moderately stable and others becoming 
quickly kaohnised. The question of the relative durability 
of different varieties of felspar is not easy to solve, for the 
decomposition of rocks when subjected to the ordinary 
conditions prevailing in a road must necessarily be far more 
rapid than is the case either under natural conditions in the 
quarry, or when used as a building stone. 

Unfortunately a considerable amount of confusion seems 
to prevail as to the exact behaviour of different species of 
felspar under the influence of weathering. One of our 
standard works of reference (*' Notes on Building Con- 
struction ") makes the statement that orthoclase or potash 
felspar is less durable than oligoclase or soda-lime felspar. 
It may be as well to examine this statement at greater 
length, especially as the tendency of recent investigation is 
to the opposite conclusion, viz., that orthoclase is the 
most stable form of felspar. Mitscherlich and Bischof both 
noticed that where orthoclase and albite are associated, the 
latter may often be noticed to be in a decomposed and 
friable condition, while the former remains fresh and un- 
altered. Roth has shown that in weathered rocks. the loss 
of soda is almost always greater than that of potash. Merril 
states that in the pegmatite dykes of Delaware, Pennsylvania, 
the microdine (potash felspar) is remarkably fresh and trans- 
lucent, while the associated oligoclase is not only snow white, 
with partial decomposition along the cleavage lines, but 
rapidly weathers on the heaps of waste into a friable gritty 
mass. Geldmacher also states that in the weathering of 
quartz porphyry, oligoclase is the first felspar to give way. 
Lemberg noticed the same fact in connection with the tour- 
maline granite of Monte Mulatto, near Predazzo, in which 
the oligoclase decomposes much more rapidly than the 
orthoclase. 

Indirectly the same conclusion is arrived at from a 
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consideration of the scarcity of potassium salts amongst the 
products of rock alteration, in comparison with those of 
lime and soda. The veins of calcite so often found in 
connection with igneous rocks, and the greater abundance 
of soda and lime-bearing zeolites, occurring as alteration 
products of the felspars, seem to point to the greater 
chemical durability of the potash varieties. With regard to 
the other minerals, the superior durability of muscovite over 
biotite has already been mentioned. Hornblende, although 
tough and a feature of strength in granites, gradually yields 
to atmospheric influences, breaking down finally into a 
ferruginous clayey residue. Of the accessory minerals, 
magnetite and pyrites are readily oxidised, and their presence 
in quantity is detrimental. 

2. Texture. — In no rocks is there a greater variation in 
the size of the crystalline particles than in granite. Even in 
the same mass of rock great dififerences in this respect are to 
be noticed. Thus the majority of Cornish granite is coarse- 
grained, often with large porphyritic felspars, but notable 
exceptions occur, as at Carnsew, de Lank, and elsewhere. 
It is obvious that the crushing strength must be influenced 
by the degree of coarseness of the crystallisation, and crush- 
ing tests on small cubes of coarse-grained or porphyritic 
granite cannot be reasonably compared with similar tests 
upon fine-grained blocks of the same size. However suit- 
able coarse-grained and porphyritic varieties may be for use 
as building stone, or for paving setts and kerbs, it is certain 
that for macadam fineness of grain is a great desideratum. 
This is one of the causes which has contributed to the high 
reputation held by some Guernsey granites for use as road 
stone. 

3. Mode of Crystallisation. — The strength of a holo- 
crystalline rock is not determined so much by the mere 
cohesion of the crystalline particles as by the way in which 
they are interlocked. Thus in general the felspar, mica, 
and hornblende have crystallised in perfect idiomorphic 
forms; while the quartz, being the last mineral to con- 
solidate, has filled up the spaces between the other crystals, 
forming an interlocked mosaic. This interlocking reaches 
its maximum in the so-called graphic or pegmatitic granites. 
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in which the quartz and felspar are intimately intergrown. 
A similar structure occurs on quite a microscopic scale in 
some of the Chamwood Forest granites, as at Groby. This 
arrangement of the quartz has an important influence upon 
both the strength and durability of the rock; for, being 
itself of the greatest stability, it often so envelops the less 
durable minerals as to form a protective covering to the 
latter. An examination of granite should, therefore, include 
the disposition of the quartz, which may occur either inter- 
grown into the felspars, as in ordinary pegraatitic granite ; 
or in a micro-pegmatitic arrangement, as at Groby; or 
wedged in between the other minerals in an interlocked 
mosaic, as in most varieties ; or in rounded grains, as at 
Mont Mado, in Jersey, and in some Peterhead granites ; or, 
lastly^ in true hexagonal crystals, as in the Hill of Fare 
quarries, Kincardine. In some cases a complete inter- 
locking ensues from the simultaneous crystallisation of all 
the minerals, as in the granite of Loch Awe — a condition 
which in some Jersey granites leads to such a complete 
intermingling of the material that the separate minerals are 
difficult to define. 

4. Orientation of the Crystals. — The strength of 
granite is also influenced by the presence of natural planes 
of weakness in the rock caused by the disposition of the 
constituent minerals. Thus in the Luxullian granite the 
large orthoclase crystals are arranged in a direction parallel 
to the bedding joints, and in this direction the rock 
possesses an easy cleavage. At Lamoma, on the other 
hand, this orientation of the large felspars is absent, and 
not only is the rock more difficult to split up in conse- 
quence, but its compressive strength is thereby improved. 
ISTot only do the felspars exhibit this tendency to orienta- 
tion, but also the micas, which, in the Kemnay granite, 
thus determine the rifl. 

5. Foliation. — This tendency of minerals to parallelism 
is often carried to such an extent that the whole rock 
exhibits a distinctly foliated arrangement when viewed in 
large masses, although not sufficiently pronounced to cause 
the rock to become a true gneiss. Foliated granite occurs 
at Killiney Hill, Carnsore Point, i?i Donegal, and at Dyce 
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quarry, Aberdeen. Foliation is not conducive to com- 
pressive strength, and therefore this structure is not 
advantageous in a typical road stone ; it does not appear 
however, in all cases that the interlocking of the crystals 
materially suffers on this account, 

6. Absorptive Power. — The absorptive power is 
obviously inversely proportional to the compactness of 
aggregation of the crystals, and directly proportional to the 
amount of interstitial space. This factor, therefore, gives an 
index to the crushing strength of a rock. Most granites 
contain a small amount of absorbed water, the average 
quantity being about '8 per cent, and in some cases about 
•2 per cent, more can be absorbed by soaking the sample 
for a few hours.. Such a stone would contain, according to 
Ansted, abouj; four and a-half gallons of water per two tons 
weight of rock after immersion. 

7. Joints. — The presence of numerous joints sometimes 
renders a granite quite unlit for commercial purposes. 
That these joint planes are in reality lines of weakness may 
be inferred from the fact that many granite bosses have 
weathered in a direction determined mainly by their dis- 
position. This may explain why in Cornwall the bedding 
joints are often seen to follow the surface contours. Joints 
greatly assist the absorptive power of the rock. They are 
usually close-fitting in fine-grained rocks, and their existence 
may even escape notice until the stone is submitted to 
mechanical force. Although they are of the utmost im- 
portance wiiti respect to the facility with which the rock 
can be quarried, an excessive development of microscopic 
joint planes may in some cases be detrimental to the 
strength of even the small fragments broken for setts or 
macadam. . 

8. Position in the Quarry. — Quarries in the same 
mass of rock exhibit important variations in the nature of 
the stone. Near the margin of a granite boss important 
differences, both in the structure and composition of the 
rock, may be noticed. An interesting example of this is 
to be seen in many of the Cornish granites, which near the 
outskirts of the mass often develop large quantities of 
schorl and talc, at the expense of the biotite. 
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More important, perhaps, from a practical point of view, 
is the depth below the surface from which the rock is 
quarried. In most granite areas there is a greater or less 
amount of decomposed rock near the surface, the felspars 
in this zone being more or less kaolinised, and the rock in 
consequence being more or less disintegrated. The depth 
of this zone varies considerably in different localities. In 
the Transvaal it is said to extend downwards 200 ft, and in 
Columbia the granite at a depth of 80 ft. from the surface 
can be removed by pick and shovel. In the Mount Sorrel 
quarries weathering extends 20 ft. downwards, and in Jersey 
from 30 ft. to 35 ft. It is sometimes stated that the depth 
to which weathering reaches may be taken as an index of 
the durability of the stone. This, however, is not neces- 
sarily the case. The effects of denudation must be con- 
sidered. An area which has escaped subaerial denudation 
for a long period may have a thick overburden of rotten 
stone, while an adjacent district may have been subjected 
in comparatively recent times to denuding influences which 
have stripped off the overburden and thus brought the 
sounder stone to the surface. 

Granite masses are also often traversed by veins, dykes, 
or mineral lodes which exert a considerable influence upon 
the quality of the rock. Thus an el van dyke in Cam Grey 
quarry, near Luxullian, renders the granite on either side 
quite unfit for quarrying. A basalt dyke in the Kemnay 
granite of Aberdeen makes the rock on each side soft and 
useless. A copper lode in Gunnislake quarry,"^ near Luxul- 
lian, is marked by larger orthoclase crystals in its vicinity ; 
and many of the kaolin deposits in Cornish granite areas 
are confined to the proximity of tin veins, the presence of 
which appears to assist in the decomposition of the felspars. 
We see, therefore, that even true granites possess very 
unequal merits for road-making purposes. 
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CHAPTER III. 

Variability of Granite. — Elvans and Porphyries, 

PORPHYRITES, — SyENITE. — DiORITE, — DECOMr 

POSITION AND Alteration, 

Variability of Granite. — We have now seen how variable 
may be the qualities even of those rocks which are entitled 
to be classed as true granites. Good granite and bad 
granite may even coexist in close proximity in the same 
mass of rock. An interesting example of this is afforded 
by the granites of Newry in Ireland, where soda granite, in 
which the proportion of soda present exceeds that of the 
potash, occurs with the ordinary variety containing a pre- 
ponderance of potash, a circumstance which necessitates 
considerable care in the selection of stone from this district. 
Elvans and Porphyries. — There is another class of 
rocks, chemically almost identical with granite, which, 
however, differ materially in structure from the rocks just 
described. These are commonly known as elvans in 
Cornwall, but are more scientifically called quartz-felsite or 
quartz-porphyry. These rocks are, in fact, produced from 
an acid magm^, such as under ordinary deep-seated con- 
ditions would consolidate into true granites; but which, 
having been intruded into more or less narrow dykes and 
fissures, have cooled somewhat rapidly, and hence possess 
a more confused crystallisation. In some cases these rocks 
are simply granites on a small scale, that is, with imperfectly- 
developed crystalline grains of felspar, quartz, and mica. 
These may be called micro-granites. In other cases some 
of the minerals are conspicuous and well formed, forming 
porphjnritic rocks in which the visible crystals, or pheno- 
crysts, are imbedded in a matrix which the unaided eye 
is unable to resolve, and which even under the microscope 
often presents the appearance of a confused mass of un- 
recognisable crystalline grains. In examining these rocks, 
therefore, we have to consider in particular two points, viz., 

c 2 
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in the first place what is the nature of the phenocrysts ; 
and, secondly, what is the constitution of the ground mass 
in which they are imbedded ? Their mode of occurrence 
is also not without importance, for they do not occur in 
large bosses, like the granites, but rather in narrow intrusive 
dykes or sheets. 

The phenocrysts of the elvans represent the result of the 
first stage of consolidation, which must have been slower 
than the final stages, in which the matrix cooled at too 
rapid a rate for the constituents to assume their individual 
mineralogical forms. Felspar and quartz usually form the 
phenocrysts, the quartz often assuming perfect crystalline 
forms. Mica, tourmaline, and other minerals may also 
occur. Usually both plagioclase and orthoclase felspar 
occur in these rocks, and it is generally the rule that the 
plagioclase, or soda-lime felspar, crystallises first and forms 
the phenocrysts, while the potash felspar, or orthoclase^ is 
found chiefiy in the matrix. This point is of some 
importance with respect to the durability of the rock, the 
porphyritically developed felspar being the least stable 
variety. 

The mechanical strength of these rocks will also depend 
in a great measure upon the nature of the ground mass, of 
which several varieties may be distinguished. Occasionally 
the ground mass is simply a finely-divided matrix of felspar 
and quartz, easily distinguishable under the microscope, 
and forming a micro-granitic ground mass. As in the case 
of the true granites we also find the felspar and quartz 
sometimes intergrown, as in graphic granite or pegmatite. 
In this case the ground mass is described as micro-pegmatitic. 
Of these two types there are several gradations, arising from 
the size of the grain. Thus the micro-granitic ground mass 
may become micro-crystalline or even crypto-crystalHne ; 
and the micro-pegmatitic ground mass may become micro- 
graphic or crypto-graphic according as the grains become 
smaller and less easily distinguishable. 

From the point of view of the road engineer it is evident 
that the elvans and their allied varieties will generally possess 
all the chemical properties, as to durability, of their more 
crystalline prototypes, the granites; and, in addition, the 
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mechanical advantages of a more intimate blending of the 
mineral components, and a closer, more compact grain will 
often confer upon them considerable toughness and 
resistance to abrasion. At the same time, just as there are 
inferior and rotten granites so there are many easily 
decomposed elvans and quartz-felsites. Some of the closer 
and more acid rocks of this class are also too hard for use 
as paving setts, owing to their tendency under these 
conditions to wear to a smooth, slippery surface. 

Most of the carboniferous elvan dykes of Cornwall and 
Devon have a crypto-crystalline or micro-crystalline ground 
mass, with porphyritic felspars and quartz, either in charac- 
teristic hexagonal crystals or in rounded grains. Crystals of 
mica, chiey biotite, tourmaline, and other minerals, are 
also common. The Carnarvonshire quartz-felsites differ 
from those of Devon and Cornwall chiefly in the absence 
of quartz-phenocrysts, and the frequent presence of a micro- 
graphic structure in the ground mass. The phenocrysts in 
these rocks are chiefly plagioclase felspar and biotite. 

In the Lake District many of the quartz-felsites are 
typical micro-granites, the most notable examples being 
the granophyre of Carrock Fell and the Threlkeld quartz- 
felsite. The former rock affords an excellent example of 
interwoven quartz and felspar, exhibiting every gradation of 
graphic structure from coarse micro-pegmatite to a minute 
micro-graphic and even crypto-graphic ground mass. The 
Threlkeld quartz-felsite, a well-known road stone of the 
elvan class, contains phenocrysts of both quartz and felspar, 
. the latter mineral consisting chiefly of orthoclase and micro- 
line. There is also some biotite, and the matrix is micro- 
crystalline in texture. Much of the biotite has been altered 
to epidote and serpentine. Calcite is also present as a de- 
composition product, and the felspars are somewhat granu- 
lated from incipient decomposition. The alteration products 
are evenly distributed through the stone, and are in very 
minute particles, a circumstance which assists in the pre- 
servation of a rough surface under wear when this rock is 
used for paving setts. The Cheviot district contains some 
quartz-porphyries which, altho'ugh sometimes possessing the 
micro-graphic structure of granophyre, more usually have a 
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fine granular ground mass of a micro- or crypto-crystalline 
texture. 

In connection with this class of rock, it must be men- 
tioned that there are many varieties of stone very closely 
resembling those just described, which, however, differ 
materially from them, both in chemical composition and 
durability. In these latter the silica percentage diminishes 
to between 55 and 66 per cent., free quartz becomes quite 
subordinate, and, although it occurs sparingly in the ground 
mass, it rarely appears as phenocrysts. The felspars are 
chiefly the soda -lime varieties, orthoclase being less 
plentiful. The ferro-magnesian minerals are represented 
by biotite and augite, although some brown hornblende is 
occasionally present. The ground mass is usually a micro- 
crystalline mixture of felspar and quartz. 

Enderby syenite is a porphyry of this class ; it contains 
phenocrysts of plagioclase, with a zonal arrangement 
Greenish-brown hornblende, flakes of biotite, and round 
grains of quartz also occur in a fine-grained ground mass 
of quartz and felspar, the latter being probably orthoclase. 

Porphyrites. — When the soda - lime felspars pre- 
ponderate over the potash variety, the rock becomes a 
porphyrite instead of porphyry. The above-mentioned 
example apparently is on the border line of the porphyrites, 
of which there are many typical examples amongst the Old 
Red Sandstone lavas of the Cheviots, in which there are 
plagioclase phenocrysts, flakes of biotite, augite instead of 
hornblende, and occasionally some magnetite and apatite. 

The durability of the porphyrites is inferior to that of 'the 
porphyries, owing to their lower silica percentage and the 
greater abundance of the less stable felspars. Although 
used locally, however, none of these rocks occur amongst 
the more prominent road stones of these islands. 

Syenite. — We will now proceed to consider another 
important variation from the granite type, depending not so 
much upon structural as upon mineralogical features, and 
especially upon the presence of hornblende. This mineral 
has acquired such a reputation for its toughness that its 
presence in some form is considered almost necessary for 
the commercial success of a road stone. It has been shown 
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that h<Hiiblende is a common constituent of many granites ; 
but these hornblendic granites pass almost imperceptibly 
into the syenites and diorites. These two classes of rock 
are petrographically distinguished from true granites by the 
comparative absence of quartz, except as a subordinate 
constituent, the larger proportion of plagioclase felspars, 
and the almost universal occurrence of a ferro-magnesian 
constituent in the form of hornblende, or augite, although 
biotite is often present in addition. A considerable amount 
of confusion exists in the application of the term syenite 
and its distinction from hornblendic granite, while the 
term diorite^ to which class most of the so-called syenites of 
this country really belong, has a still more obscure meaning 
in the popular mind. The following simple definition of 
these rocks will make the significance of these terms clearer. 

Syenite is a holo-crystalline aggregate of orthoclase felspar 
and a ferro-magnesian mineral, with some accessory 
plagioclase, occasionally quartz in subordinate quantity and 
possibly iron ores, sphene, zircon, apatite and epidote. 

Diorite is a similar rock in which plagioclase felspar 
takes the place of orthoclase. 

The essential difference, therefore, between syenite and 
diorite is in the nature of the predominant felspar. If we 
rely solely upon the silica percentage of a rock as a basis of 
classification we shall confine the terms syenite or diorite to 
those igneous rocks of holocrystalline texture which contain 
between 55 and 66 percent, of silica, and in which free 
quartz is only present in subordinate quantity. With the 
diminution in silica there is, of course, a corresponding 
rise in the specific gravity of these rocks, which usually lies 
between 27 and 28. 

Sometimes the absence of mica is insisted upon as a 
distinctive feature of a true syenite. This is not correct. 
Mica, usually in the form of biotite, is generally present 
both in syenite and diorite, but often in a more or less 
altered condition, being converted into chlorite and epidote. 

The British syenites have usually been understood to 
-include many of the hornblendic granites, such as those of 
Mount Sorrel and the Channel Islands, and most of the 
Charnwood Forest rocks, of which the larger part are in 
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reality diorites, since there is generally a preponderance of 
lime-soda felspars. 

The Charnwood syenites are usually greenish, mottled 
with patches of pink and black colours. The pale green 
patches are plagioclase felspar, the black spots are mostly 
ferro-magnesian minerals, such as hornblende, augite, or 
biotite, and the pink patches are often a micro-pegmatitic 
intergrowth of orthoclase felspar and quartz, pla>ing 
the role of ground mass to the other minerals. The 
ferro-magnesian constituents present us with some useful 
exainples of alteration. Augite, when present, is some- 
times unaltered and often associated with fibrous chlorite 
or uralite ; hornblende, on the other hand, is almost always 
altered to chlorite or epidote, and the biotite has mostly 
become changed to green chloritic matter. The plagioclase 
is generally turbid from decomposition products, but the 
orthoclase and intergrown quartz are still often in a fresh, 
unaltered condition. This general description of the Cham- 
wood rocks applies more particularly to the more altered 
varieties, some of which are so green in colour that they 
have been described as "greenstone," a term once univer- 
sally used to distinguish rocks containing a quantity of 
altered ferro-magnesian minerals. 

Decomposition and Alteration.— We have in these 
rocks a good illustration of the difference between decom- 
position and alteration — a distinction not always appreciated. 
Decomposition in a rock usually leads to its disintegration, 
as, for example, in the case of the kaolinisation of felspar in 
granite and other rocks. It results in the breaking down, 
in a chemical sense, of one or more of the constituent 
minerals, whereby the cohesion of the whole is gradually 
destroyed. Alteration, on the other hand, need not 
diminish in any degree, and in reality often appreciably 
increases the compactness and toughness of the rock. The 
minerals constituting an altered igneous rock are often in 
a condition of chemical instability, which causes them 
gradually to change their molecular arrangement, and pass 
into other more stable combinations without in the mean- 
time changing their form. This development of alteration 
pseudomorphs — as these are termed — leads to a more stable 
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condition of the rock, which on this account is much less 
liable than before to any further change. It is necessary to 
insist upon the importance of not confusing alteration wfth 
decomposition. Many of our most valued building stones, 
as will be seen, consist of minerals often in a highly altered 
state; and, on the other hand, many rocks, containing 
perfectly fresh and unaltered mineral components when 
taken from the quarry, are quite unable to withstand the 
weathering action of air and water, and, when laid in a road, 
speedily crumble and decompose. 

These characters are well exemplified in the Markfield, 
Groby, and Narborough stone. 

The Enderby stone is more acid in character than the 
above, and is more allied to the true syenites. It contains 
phenocrysts of decomposed plagioclase, strongly zoned, 
some corroded quartz grains, and green alteration products 
of the ferro-magnesian minerals, amongst which greenish 
brown hornblende and some biotite occur. There is a 
ground mass consisting of a micro-crystalline mosaic of 
quartz and orthoclase felspar, and the rock would, therefore, 
be described as a syenite porphyry. 

One of the most highly altered of the Leicestershire 
syenites is that from the Cham wood quarries, near Lough- 
borough. The rock here is very green in colour, even the 
felspars being titiged with the green alteration products of 
the hornblende. It is not easy to determine the proportions 
of orthoclase and plagioclase in this rock, which has a high 
specific gravity, due to the large proportion of hornblende 
and relatively smaller quantity of the lighter alkaline silicates. 

Before leaving the Charnwood rocks reference must be 
made to the Bardon Hill stone, which differs considerably 
from those previously described. It contains orthoclase and 
quartz and has the usual green colour due to hornblende. 
In structure, however, it is close and compact, with no 
tendency to break into cubes. It is, in fact, difficult to break 
at all without the aid of machinery. It is probable that this 
rock is a felstone, and it is considered by Professor Bonney 
to represent the plug of an old volcanic cone; in which 
case its compact texture is easily explained from a more 
rapid consolidation due to quick cooling of the molten mass. 
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CHAPTER IV. 

Basalts and Diabases, — Penmaenmawr Stone. — 

WhINSTONE, — GiMBLET RoCK. — ClEE If ILLS 

Basalt, 

Basalts and Diabases. — Although many road stones of 
high reputation belong to the class of rocks known to 
geologists as bastc^ few of them are in reality basalts in the 
geological sense, in spite of the fact that custom has given 
a kind of commercial value to the name which quarry 
owners will not easily on that account abandon. Just as 
the term granite is used indiscriminately for a large variety 
of rocks, so basalt is generally understood to include all 
those dark-coloured igneous rocks, the majority of which 
belong petrographically to the dolerites and diabases. 

The basic rocks are connected by almost insensible 
gradations with those previously described ; they agree, 
however, in possessing a low percentage of silica, with a 
marked increase in specific gravity in proportion as the 
heavier metallic oxides are more abundant. The dark 
appearance and weight of these rocks is not always a safe 
guide for their recognition. Many of the intermediate 
rocks, such as some of the diorites, rich in hornblendic 
constituents, have all the outward appearance of dolerite, 
and their distinction in the hand specimen is a matter 
requiring some care. The chief mineralogical charac- 
teristics of the basic rocks depend upon the comparative 
absence of quartz, except as a secondary constituent, and 
also of the more highly-silicated minerals. The felspars 
are usually varieties rich in lime, such as labradorite or 
anorthite, potash felspar being of rare occurrence. Under 
the microscope the plagioclase felspars are easily recognised 
by their characteristic multiple twinning. 

The dark colour, of these rocks, and the rapidity with 
which a superficial crust of weathered stone forms upon 



them, render them unsuitable for most architectnral pur- 
poses. As road stone, however, many of these rocks are 
highly suitable, on account of the toughness of the ferro- 
magnesian constituents. Not being so hard as the more 
siliceous locks they do not possess the same tendency to 
wear to a smooth surface. 
The ferro-magnesian minerals, so important a feature in 
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road stones, include different varieties of pyroxene, such as 
augite and diallage, as well as the rhombic forms bronzite 
and hypersthene. Hornblende and biotite, if present, are 
usually only accessory, the former often resulting from the 
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alteration of augite. A mineral often occurring in the basic 
rocks is olivine, which may be described as a ferro-magnesian 
silicate, very prone to alteration into the hydrous magnesian 
silicate, serpentine ; the process of alteration being usually 
accompanied by the separation of iron oxide in the form of 
magnetite or haematite. 

Decomposition products, in the form of green fibrous 
chloritic and serpentinous matter, are a characteristic feature 
of these rocks ; although augite often remains quite fresh 
and unaltered even in the presence of a considerable amount 
of alteration in the accompanying minerals. 

The structure of the basic rocks is usually compact ; the 
consolidation of the minerals -having taken place more or 
less simultaneously, there is not the same tendency to por- 
phyritic developments as in the more acid types. There is 
in consequence often a more intimate blending of the 
constituent minerals, with a good deal of mutual inter- 
penetration of felspar and pyroxene. In the diabases this 
tendency is especially noticeable, the augite having often 
consolidated in broad plates, moulded upon and embracing 
or wrapping round the felspar crystals. This structure, 
called " ophitic," must not be looked upon as the equivalent 
in the basic rocks of the micro-pegmatitic structure exhibited 
by felspar and quartz in the acid rocks. A real intergrowth 
of felspar and augite similar to pegmatite is occasionally 
seen, augite in this case taking the place of quartz. 

The ophitic structure is favourable to the increased 
cohesion of the crystalline particles in an interlocked 
mosaic, the mechanical strength of which is enhanced by 
the peculiar toughness of the augitic mineral. In some 
cases, however, the augite is present in rounded grains, 
imbedded in a plexus of lath-shaped plagioclase prisms. 

Although not exhibiting large porphyritic crystals, many 
of these rocks are coarsely crystalline, graduating to the 
finest grain, in which the mineral components are distin- 
guishable only with difficulty under the microscope. Like 
the granites, they occur either as more slowly cooled plutonic 
masses, or in more rapidly consolidated dykes, veins, sills, 
or lava flows. Even in the same mass of rock differences 
of structure are caused by more or less rapid cooling, the 
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margins being often less perfectly crystalline than the 
interior portions. 

Penmaenmawr Stone. — This famous stone occupies 
a position on the border between the diorites, already 
described, and the more basic diabases. It is, in fact, 
variously described by petrographers either as a quartz 
diabase or a quartz diorite. The minerals present are 
felspar, chiefly plagioclase, augite, and a rhombic pyroxene, 
with some biotite, quartz, and magnetite. The quartz is 
usually interstitial, in more or less ophitic plates, but is 
sometimes intergrown with a felspar, apparently orthoclase, 
forming a micro-pegmatite, in which both minerals are so 
clear and limpid that it is difficult to distinguish between 
them. The rhombic pyroxene is a ferriferous enstatite, 
which is, in some cases, altered to a greenish, fibrous 
pseudomorph. Augite is much less decomposed than the 
enstatite. Biotite, only sparingly present, is often changed 
to chlorite. The iron ore is chiefly ilmenite, or titaniferous 
magnetite, and long prisms of apatite are often abundant. 

The most common variety is of medium grain, greenish 
grey in colour. Veins of a more acid type are irregularly 
distributed through the mass, having a marked micro- 
pegmatitic structure. These veins consist chiefly of 
orthoclase, quartz, and augite, with some titaniferous 
magnetite — in fact, an augite granite — representing the 
result of a later stage of consolidation, the more basic 
minerals having first been separated from the magma. This 
fact affords an instructive example of the influence of the 
order of crystallisation upon the composition of the magma, 
which tends to become more and more acid in character as 
consolidation proceeds. Near the margins the rock becomes 
more compact and inclines to be porphyritic. 

Whinstone. — This term is commonly applied to many 
of the dyke rocks of the North of England and Scotland. 
We shall here select two well-known road stones of this 
class for special description, viz., the Cleveland dyke and 
the Whin Sill. The rock of the Cleveland dyke is re- 
markably constant in composition throughout its length. 
It is an augite andesite, or an andesitic dolerite, its silica 
percentage being between 57 and 59, and its specific gravity 
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2-77. It has a porphyritic texture, tabular crystals ^f 
labradorite felspar being embedded in a matrix which is 
more or less crystalline as the dyke increases or dimimshes 
in thickness. Near the margin it is much more compact, 
owing to a more rapid cooling. The ground mass contains 
lath-shaped plagioclase crystals, granules of augite, mag- 
netite and brown granular interstitial matter. A little 
quartz is usually present. In many parts where decomposi- 
tion has set in this rock effervesces freely with acid, owing 
to the formation of carbonates, and might therefore easily 
be mistaken for a limestone on a cursory examination. 

The rock of the Whin Sill is a quartz diabase, approaching 
in its coarser varieties to a gabbro. It contains lath-shaped 
plagioclase felspars, and pale brown augite, sometimes 
ophitic. The iron oxide is probably an intimate inter- 
growth of magnetite and ilmenite. Apatite is sp>aringly 
present, and there is some accessory bronzite, which may 
represent olivine pseudomorphs. Brown mica occurs, and 
some brown hornblende often borders the augite. Quartz 
is present in the coarser varieties, often intergrown with the 
felspar into micro-pegmatite. Chlorite and pyrite are 
among its common alteration products. As already men- 
tioned the more crystallised parts of this rock become 
almost holo-crystalline, as in gabbro ; but near its junction 
with sedimentary strata, where rapid cooling has taken 
place, it becomes finer in grain, and even micro-crystalline, 
although its chemical composition remains remarkably 
constant. 

That this rock really belongs to the basic group is seen 
from its low silica percentage, which is only 50, and its 
specific gravity of upwards of 2*9. 

Gimblet Rock, Pwllheli. — This is a typical ophitic 
diabase, without olivine. It contains lath-shaped felspars, 
and pale augite in ophitic plates. The latter mineral is 
often fringed with hornblende. Iron ores and apatite are 
plentiful, but this rock possesses less decomposition product 
than is usually the case in the diabases. It is a rock of 
remarkably simple composition, well suited both by its 
structure and toughness to retain a rough and level surface 
under wear. 
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Clee Hills Basalt— Both at Clee Hills and Rowley 
Regis we have a typical basic rock containing olivine. The 
Ctee Hills stone is a columnar olivine dolerite, the olivine 
being usually in a remarkably fresh condition. The 
plagioclase felspar is also clear and free from kaolinisation. 
Augite is present in well crystallised forms, and there is 



Fic. 3. 
Porpliyritic Basalt, Edinburgh. 

A— Plagioclase Felspar. B— Augite. C— Olivine.^ 0— Magnetite. 
The felspars coDtaiti inclusions of the giouod mass, in Ihe centre as 
well as in peripheral lones. ( x 30). 

also magnetite. It is a moderately fine-grained rock of 
homogeneous texture, and from its toughness well suited 
for heavy traffic. The Rowley Regis stone is very similar 
to that of the Clee Hills, but the olivine, being more 
ferriferous, shows more sign of alleralion into serpentine 
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along the cleavage cracks. The augite is in clear brown 
grains, not ophitic, and there is a good deal of magnetite 
and apatite. Some more acid segregation veins occur, 
with orthoclase felspar, and a coarser-grained variety has no 
olivine, the felspar and augite being intergrown as in 
micro-pegmatite. 

Many other basaltic rocks, with or without olivine, are 
used for road metal, especially in the Central Valley of 
Scotland, where all roadstones of this class pass under the 
general name of whinstone, such as is largely quarried at 
Ratho and Kilsyth. 

The discussion of the igneous rocks is concluded with the 
following tabular view of the mineralogical features of the 
principal road-stones of this class, and a diagram is added 
intended to illustrate in a graphic manner some of the more 
important points of chemical difference between them. The 
vertical columns give the -percentage composition of some 
typical roadstones, which are arranged in such a manner 
that the more acid varieties are on the left, and the more 
basic rocks on the right. A curve drawn through the dots 
shows at a glance the chief facts brought to light by 
chemical analysis. 

In the first place the silica percentage varies between 
about 70 and 50; and as the proportion of silica decreases 
we find a corresponding increase in iron oxide, lime, soda, 
and magnesia. It is noticed, also, that both the alumina 
and the potash fall with the silica, although to a less extent. 
These facts are what will be deduced from the mineralogical 
variations before described. 

Another point of importance with respect to chemical 
analysis is the amount of variability which may be expected 
to occur in various rocks. Silica, as we see from the 
diagram, is by far the most variable, and there is as much 
as 25 per cent, difference between the most acid and the 
most basic of the selected rocks. Iron oxide varies within 
nearly the same limits. Alumina and lime, however, only 
vary within about 8 per cent. ; and soda, potash, and 
magnesia within 5 per cent. These considerations are of 
great importance, and further reference to them will be 
made in considering the question of road-stone tests. 



\^Road-making, pp. 35, 36, 
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CHAPTER V. 

Sandstones, — Varieties of Sandstones, -^Influence 
OF Bedding, — Sandstones as Road Material, — 
Distribution of Sandstones, 

Sandstones. — As we- have already seen, the hardness and 
compact nature of the- igneous rocks are the result of the 
important part played by silica, both in the free state and 
combined in the form of silicates, their consolidation from 
igneous fusion tending also to a more or less perfect 
crystalline structure by which they are readily distinguishable 
from other classes of rocks, such as sandstones and lime- 
stones. 

The sandstones are of purely sedimentary origin. Silica 
still plays the most important part in their composition ; 
but, consisting as they do of mere fragmentary grains of 
quartz, their chief interest, from our present point of view, 
lies in the manner in which these grains are cemented 
together into a solid rock. Thus we have many varieties 
of arenaceous or sandy rocks, depending upon the com- 
pleteness with which the process of natural cementation 
has been effected. Loose sands pass gradually into loosely 
aggregated rock sand, which by further binding together of 
the particles passes into sand rock, and finally into a firmly 
adherent sandstone. The cement is necessarily of more 
recent origin than the grains themselves, and its hardness 
and durability naturally determine the value of the resulting 
sandstone. A typical sandstone is, in fact, a kind of natural 
concrete, in which small particles of a hard, indestructible 
substance, generally quartz, are embedded in a cement 
deposited by natural processes. The cement, consisting 
usually of carbonates of lime,' or iron, or even silica, has 
generally been introduced by percolating water holding 
these substances in solution. 

The size and shape of the grains exert an important 
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Fig. 4. 

Lickey Hills Quarlzite. 

The large rounded quartz grains are cemented by secondary silica in 
crystalline continuity with them» as may be seen by the simultaneous 
extinction of both the grain and the surrounding cement when viewed 
between crossed nicols. The primary grains are crowded with minute 
enclosures. (x2o). 
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influence upon the character of the sandstone, in connection 
with which it is necessary to point to the confusion existing 
with regard to the distinction between sandstones and grits. 

These terms ate often used as mere synonyms. In other 
cases all coarse-grained sandstones are termed grits. It is 
better, however, to reserve the latter term for those sand- 
stones which are made up of angular grains of quartz, 
whatever may be their size. If the angular fragments are 
of conspicuously large size the rock becomes a breccia ; 
while large rounded pebbles when cemented together form 
a conglomerate. The size of the grains, therefore determines 
the texture of the stone. The shape of the grains depends 
largely upon their immediate origin and the amount of 
attrition to which they have been subjected in the process 
of accumulation. Particles derived directly from disinte- 
grated igneous rocks will usually be angular, while those 
derived from pre-existing sandstones will show greater signs 
of wear by the mutual friction of the grains during transport. 
Sands deposited by the action of wind are generally more 
rounded than those deposited as sediments in water. The 
shape of certain mineral particles, such as mica and felspar, 
will be largely determined by their cleavage planes. Quartz, 
having no cleavage planes, will usually occur in sands in 
the first instance, with irregular, angular boundaries, which 
gradually become more and more rounded from the effects 
of friction. The degree of rounding depends to some 
extent upon the size of the grains, the larger particles being 
more rounded than the smaller ones. Sometimes a sand- 
stone is found to consist of two distinct kinds of grains, 
large and rounded particles being mixed with small angular 
grains in the interstices. It follows that angular grains will 
generally fit more closely than round grains, there being 
less interstitial space remaining for the cement, as well as 
a more complete interlocking of the grains and the cement 
into a close-fitting mosaic. The same result is aimed at in 
the selection of sand for mortars, sharp sand being on this 
account preferable to worn and rounded particles. 

The presence of other minerals than quaitz is not without 
an important influence. Muscovite flakes in large quantity 
often impart a fissile character to sandstones, making them 
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suitable for use as flagstones. This is due to the flaky 
condition of the muscovite resulting from its pronounced 
basal cleavage. When deposited as a sediment in water 



Sandstone showing Quoitz Grains of two diilccent kinds. 



the plates of mica settle more slowly than the quartz grains, 
coatmg each bed of sand with a silvery deposit, which, 
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owing to its inferior hardness and cohesive power, afterwards 
causes planes of weakness along which the rock tends to 
split Such laminated sandstones, although invaluable for 
flagging purposes are almost useless for breaking up into 
macadam. When felspar is present in any quantity in a 
sandstone its decomposition is apt to produce a clayey 
material which does not tend to improve the character of 
the stone. 

Varieties of Sandstones. — The consideration of these 
rocks, therefore, falls under several distinct heads, viz., (i) 
the nature of the original particles; (2) the nature of the 
cement. 

I. The original particles of a sandstone invariably consist 
of quartz grains to a very large extent, although other 
minerals are often present in addition, and exert a consider- 
able influence upon the quality of the stone. These 
particles were in the first instance derived from the igneous 
rocks, such as have just been described, and from the 
disintegration of which they have been mainly produced. 
They contain, therefore, all the more durable minerals of 
the igneous rocks. Silica, being, as we have seen, the most 
durable, from a chemical point of view, of all the con- 
stituents of the igneous rocks, forms the largest proportion 
of the sands resulting in their destruction. But sometimes 
other minerals succeed also in escaping chemical destruc- 
tion, amongst which muscovite or white mica is the most 
frequently found accompanying the quartz. In rarer cases 
other silicates, such as felspars, and the ferro-magnesian 
silicates, hornblende, augite, or biotite may be present ; but 
these are usually in a more or less decomposed state. 
Accessory minerals, such as zircon or rutile, are occasionally 
to be found in sandstones, but in such small quantity that 
for our present purpose they are unimportant. When a 
large part of the sandstone consists of other minerals than 
quarts special terms are used for their description. Thus 
gr^ywacke is a cemented mass of quarts, felspar, and other 
mittjerals^; while arkose may be -described as a re-cemented 
disintegrated granite, since it contains all the constituent 
minerals of granite, bound together by a secondary cem^t- 
ing substancei ::-^ 



FelspKthic Sandstone. 

Containbg cleat angular quartz grains, A ; Orthoelase, paifly 
kaoliinsed, B ; Flegioclue, C ; and shreds of Biotite, D. 

ThewbolB lock is cemented by argillaceous matter derived from 
decMopodtion ol" Ihe felspars. ( k 20). 
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2. Coming now to the material by which the grains are held 
together, we find that the value of a sandstone for road 
stone purposes is absolutely dependent upon the composition 
of the cement which fills up the interstitial spaces. This 
usually consists of silica, calcium carbonate, or ferruginous 
matter ; but in some inferior sandstones the quartz grains 
are simply embedded in a clayey matrix derived from the 
decomposition of felspar particles originally present in the 
sand. 

Secondary silica forms the cementing material of all the 
tougher sandstones and grits. In some cases, when the 
interspaces between the grains were sufficiently open, the 
secondary silica was deposited in crystalline continuity with 
the original quartz grains, by which means the original sand 
may become a solid, compact mass of quartz, the original 
grains being only distinguishable under microscopic exami- 
nation. The rock then becomes a quartzite^ such as the 
well-known examples from Hartshill and the Lickey Hills. 
Such rocks form valuable and durable road material. The 
advantages of a siliceous cement may, however, be to some 
extent neutralised by its imperfect adhesion to the original 
grains, owing to the presence of an intervening ferruginous 
coating upon the quartz particles. Some red sandstones, 
even when a siliceous cement is present, are on this account 
often wanting in consistency. We have here again a useful 
natural illustration of the importance of clean sand in the 
mixing of artificial mortars. Perfect adhesion cannot take 
place between the cementing lime and the sand grains if the 
latter are invested with a pellicle of earthy oxide. 

Calcareous cements do not form so durable a sandstone 
as siliceous cements on account of the solubility of calcium 
carbonate in natural waters. The degree of compactness of 
a calcareous sandstone will depend upon the perfection 
with which the carbonate of lime has crystallised between 
the grains. The mere deposition of interstitial calcareous 
matter, without crystallisation, would produce a very inferior 
stone; but when crystallisation is perfect a rock is often 
produced which may indifferently be classed either as a 
calcareous sandstone or as a siliceous limestone, according 
as the quartz grains or the cement are in excess. Of this 



nature are some of the calcareous grits of the Yorkshire 
oolites, and of the cretaceous strata of the south-east of 
England, such as Kentish Rag. In some rare cases the 



Fig. 7. 

Showing anguliiquattz grains embeddei] in an opaque cement, nhich 
consists of a. mixture of calcareous and ferruginous mailer. ( « 20). 

cementing material may take the form of gypsum, and 
barytes has been found in the cementing substance of some 
of the lower keuper sandstones of Nottingham. 
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Ferruginous matter, in the shape of red or brown oxide of 
iron, often accompanies both the siliceous and calcareous 
cements above described, but occasionally it forms the only 
cementing material. It naturally follows that a ferruginous 
sandstone cannot have a consistency equal to that of a 
siliceous sandstone, although the hardness of some ferru- 
ginous grits is remarkable. The best example of a hard 
rock of this class is the carstone of the lower greensand, in 
which siliceous grains are cemented by oxide of iron into a 
solid 'mass of ironstone. 

Influence of Bedding. — The thickness of the bedding 
determines the question whether the rock can be quarried 
as a freestone or as a flagstone. The influence of mica upon 
fissile structure has already been mentioned. The thi<^ly- 
bedded sandstones, or freestones, must be artificially cut 
when used as kerbs, while the laminated sandstones split 
naturally into flagstones. 

Sandstones as Road Material. — The qualifications 
of sandstone for road material will largely depend upon the 
considerations described above* Speaking generally, the 
employment of any sandstone but the quartzite varieties 
for roads is not to be recommended, owing to their inferior 
power of resisting abrasion and compression. 'Even the 
quartzites are liable to be too brittle, especially those which 
break with conchoidal fracture. For kerbs and pavements, 
however, some of the harder sandstones are often un- 
equalled. Amongst the points for consideration in the 
selection of such material are the absorbent properties, the 
coarseness of grain and security of foothold, the nature of 
the cementing material, liability to flake off during frost, 
and uniformity of tint. It is often difficult to secure an 
even quality throughout. Some stones which look faultless 
to the eye have soft places which, under wear, soon develop 
an uneven surface. Sometimes hard siliceous concretions 
occur which gradually stand out in relief, making the surface 
unpleasant to walk upon. 

Distribution of Sandstones. — We will now proceed 
to examine some of the sandstones of the British Isleswhich 
have been used for road stone. In the later geological for- 
mations it is rarely found that the arenaceous rocks are 
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sufiicieiltly consolidated for this purpose. Notable excep- 
tions occur, however, in the case of the grey wether sand- 
stones or sarsen stones, the relics of lower tertiary sands 
which owe their preservation to the compactness of their 
consolidation into a hard siliceous rock almost approxima- 
ting to true quartzite. This stone is freely used both for 
kerbs and macadam in many of the chalk districts of the 
South and West of England Like many rocks of this 
description they are softer when first extracted from the 
superficial deposits in which they lie embedded in large 
isolated blocks, but harden rapidly on exposure. 

The Hertfordshire conglomerate, or plum-pudding stone^ 
is another example of a recently consolidated mass of shingle 
formed in eocene times. 

Cretaceous sandstones are not of great importance ; they 
include local varieties of calcareous sandstone, such as the 
hearthstone 2i.ViA firestone of Surrey, too soft for road metal, 
but used occasionally for paving. The carstone of the 
Folkestone sands of Sussex is used locally ; it is a hard, 
ferruginous grit. The best known stone of this age is the 
Kentish rag^ which is rather of the nature of a siliceous lime- 
stone than a calcareous sandstone. The Wealden beds 
contain occasional seams of calcareous sandstone, of which 
Tilgate stone^ sometimes known as " Hastings granite,*' and 
Horsham stone are varieties in local use. 

In the oolites we have the calcareous grits of Yorkshire, 
which are sandstones with a calcareous cement, often stained 
by iron oxide. The Kellaways rock is a ferruginous grit 
containing very angular grains of quartz, cemented by oxide 
of iron. These sandstones are often used rather from 
necessity than from choice, the districts in which they occur 
being destitute of any other hard material. They possess 
one advantage over the more siliceous sandstones in having 
superior, binding properties on account of the large amount 
of calcareous matter present. The Triassic and Permian 
sandstones, largely quarried for building stone, are not so 
much used for road stone ofi account of the accessibility of 
more, suitable material. 

The carboniferous rocks supply some of the best known 
sandstones for paving, not only from the millstone grit, but 
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also from the coal measure sandstones, such as Gannister 
and Pennant grits. They usually have a siliceous cement, 
and sufficient mica to impart a fissile structure. Well known 
varieties are the Bradford and EUand flags from Yorkshire, 
and similar stones from Macclesfield in Cheshire, and from 
Wigan, Burnley, and St. Helen's in Lancashire. These 
are commonly known as Yorkshire flagstones, of which, 
however, there are many local variations in quality. Very 
similar flags are quarried in the carboniferous rocks of 
county Clare, Ireland. 

The old red sandstone of Scotland produces the well 
known flagstones of Arbroath and Dundee, as well as those 
of Caithness, Cromarty, and Nairn. The former are light 
greenish-grey sandstones, of dense structure, and possessing 
excellent weathering properties. Those of Caithness are 
dark coloured, often bituminous and calcareous. The 
Dundee flags are sometimes dark purple brown, from the 
presence of iion oxide. Very similar sandstones and flag- 
stones are got from the old red sandstone of Cork and 
Kerry. The Devonian sandstones of Devon and Corn- 
wall are fine-grained rocks, containing not only quartz, but 
also mica, felspar, and tourmaline, cemented by ferruginous 
matter. They are not important as road stone material. 

The older palaeozoic rocks are nearly always siliceous and 
extremely hard and compact. They also frequently con- 
tain considerable quantities of unaltered minerals, such as 
felspar, mica, pyrites, and garnet. 

The qiiartzitesy such as those of Hartshill in Warwick- 
shire and the Lickey Hills in Worcestershire, are amongst 
the oldest of our stratified rocks. They consist of well- 
rounded quartz grains, with very little felspar, cemented by 
clear transparent silica, often deposited in crystalline con- 
tinuity with the adjacent quartz grains. In chemical com- 
position the Hartshill rock consists of 94 per cent, of silica, 
3 per cent, of alumina, and a small proportion of iron 
oxide, potash, soda, lime, and magnesia. The small 
amount of felspar present is just sufficient to diminish the 
brittle character possessed by purer quartzite and typically 
exemplified in flint, 



MATERIALS. 49 



CHAPTER VI. 

Limestones. — Durability of Limestones. — Dolomi- 

TISATION. — SiLICIFICATION. — DISTRIBUTION OF LIME- 
STONES. 

Limestones. — We have now to consider a totally distinct 
kind of rock from those which have hitherto been described 
and in which for the first time silica no longer plays the 
most conspicuous part. But although the limestones are 
chiefly composed of calcium carbonate, which sometimes 
makes up as much as 98 per cent, of the rock, other sub- 
stances enter into their composition to a variable extent, 
and exert a marked influence ypon their quality and practi- 
cal value. 

The great majority of limestones are of organic origin, 
that is to say, are built up of fossils and fragments of the 
calcareous shells of organisms. These fragments in the 
first place formed a calcareous muddy deposit, in which 
various impurities in the shape of sand grains, or clay 
particles, were occasionally intermingled. Such a deposit 
would in the first place form a rock closely resembling 
chalk, of loose and friable texture and utterly unfit for the 
purpose of road-making. By subsequent changes, however, 
this loose and earthy texture becomes compact and crystal- 
line, chiefly owing to solution' and re- deposition of the 
calcium carbonate in the form of calcite. Carbonate of 
lime crystallises in two distinct forms, viz., calcite and 
aragonite, Calcite crystallises in rhombohedral forms 
belonging to the hexagonal system, and possesses a perfect 
rhombohedral cleavage. It can be easily scratched by 
a knife and is readily soluble in carbonated waters. Arago- 
nite crystallises in the orthorhombic system, and is a less 
stable form of calcium carbonate, although slightly harder 
and heavier than calcite. Being more easily acted upon by 
carbonated water it is readily soluble, and is ultimately 
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re-deposited in the form of calcite. There is also a double 
carbonate of lime and magnesia, which under the form of 
dolomite occurs in many limestone rocks. It is somewhat 
harder than calcite, and is not so readily acted upon by 
dilute acid. The various degrees of stability of these mine- 
rals have an important influence upon the character of the 
resulting limestone rock. It follows from the inferior 
stability of aragonite that this mineral will usually be 
altered to the more stable form of calcite, and its occurrence 
in limestone rocks is, therefore, not so common as might be 
expected from the fact that many of the organic shells from 
which limestone is derived are largely made up of this form 
of calcium carbonate. The presence of aragonite will, 
therefore, be a source of weakness in a limestone rock, 
arid the presence of dolomite will contribute' greatly to its 
stability. 

The important conclusion that aragonite is less stable 
than calcite can be deduced from the fact that some fossil 
shells, consisting originally of both minerals in layers, are 
found with the aragonite layer removed and the calcite 
layer preserved. Some limestones, alsoj contain casts 
showing the disappearance of aragonite shells. The 
experiments, also, of Messrs. Cornish and Kendall on" the 
relative solubility of calcite arid aragonite in carbonated 
water, prove conclusively that aragonite' shells, owing to 
their greater porosity, are more readily attacked than 
calcite. As regards dolomite, the conclusions as to the 
greater stability of this double carbonate are proved by the 
unequal weathering powers of dolomite and calcite when 
both minerals occur together in calcareous rocks. Such 
rocks have been noticed to decompose into a loose dolo- 
mitic sand by the removal of calcite in solution. 

Durability of Limestones. — ^We will now considet 
more in detail the circumstances which affect the durability 
of limestone rocks, after which we will examine how far 
these circumstances influence the character of British lime- 
stones. 

As in the case of sandstones^ we may consider limest<mes 
as made up essentially of two parts, viz., included fragments 
and a cementing matrix. 



The included, fragments are mainly of organic aigin, 
either v^etable or animal. Recent investigations seem to 
point to the importance of vegetable oi^nisms, such as 



Oolitic Limestone, 



The oolitic grains showing concentric and radial structure; the 
reminder of the slide h occupied by fragments of shells and a mosaic 
of calcile. { X 20). 

calcareous algee, in building up limestone rocks, and 
especially those nhich are of an oolitic nature. The 
animal shells which go to form the bulk of limestones 
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may consist either of calcite or aragonite. Thus the 
foraminifera, so important a constituent of many Hme- 
stones, may be divided into two classes, the Vitrea^ com- 
posed chiefly of calcite ; and the ForcelJanea, composed 
of aragonite. Then again corals are mainly aragonite, as 
also are polyzoa ; but the higher groups of the mollusca, 
the Lamellibranchs, Gasteropods, and Cephalopods, have 
almost always aragonite shells. Thus the organic frag- 
ments in limestone rocks consist to a large extent of 
aragonite. 

But in addition to organic fragments there are also oolitic 
grains. These are common in limestones of all geological 
ages, although not to the same degree as in those of the so- 
called oolitic period. Oolitic grains were probably formed 
by chemical segregation of carbonate of lime in the form of 
aragonite in the warm waters surrounding coral reefs. In 
all cases a nucleus, consisting of a grain of sand or a chip 
of shell, formed the centre around which the aragonite was 
deposited in the midst of the calcareous mud from which it 
was derived. These grains vary in size and may even be as 
large as a pea, giving rise to the so-called pisolitic structure. 
It is believed that the calcareous algae were mainly instru- 
mental in producing these oolitic grains ; but for our 
present purpose it is only necessary to note the fact that, 
consisting in their original condition of aragonite, they are 
bodies deficient in chemical stability, unless subsequently 
altered to calcite. 

So much for the fragments composing the limestone. 
Let us now turn our attention to the matrix, and to the 
manner in which a consolidated rock is produced. The 
matrix was originally a calcareous mud, often more or less 
mixed with sandy or clayey impurities, and made up of 
the triturated remains of the same nature as the organic 
fragments themselves. Both calcite and aragonite are, 
therefore, present, and the condition is generally favourable 
to continual solution of the aragonite, and its re-deposition in 
the more stable form of crystalline calcite. In a limestone 
rock, therefore, we find that the chief bulk is made up of 
organic fragments and oolitic grains, set in a matrix of 
crystalline calcite forming a sort of mosaic, and the 
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character of the rock will depend largely upon the nature 
and amount of re- crystallisation which has taken place. This 
is so important, that it will be well to describe in order the 
different kinds of re -crystallisation which have been noticed. 



Fig. 9. 

CiyKtalliae Limestone. 

The whole rock consisting of an aggrcgale of calcite crystals. ( x 30). 

I. The calcite mosaic is sometimes granular, at other 
times the calcite occurs in large plates, enclosing pre-existing 
fragments, antj somewhat resembling the ophitic structure 
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of igneous rocks. This latter arrangement has been noticed 
in some Lincolnshire oolites, such as those of Barnack, 
Ketton, and Ancaster; it also occurs in some calcareous 
grits, which may indifferently becalled calcareous sandstones, 
or siliceous limestones, according to the preponderance of 
the grains of silica or the calcite cement. 

2. Sometimes the recrystallised calcite occurs as a 
crystalline outgrowth of the shell fragments themselves, in 
the same way as the siliceous cement of some quartzites, 
already noted. 

3. The recrystallisation of the matrix may also extend to 
the enclosed fragments, the cleavage planes of the calcite 
crystals passing continuously from the matrix to the frag- 
ment. In this process the aragonite of the organic fragments 
and of the oolitic grains is largely converted into calcite, and 
may either still remain recognisable as calcite pseudomorphs, 
or their original structure may be to a large extent lost The 
final result of this process is to transform the whole rock 
into a structureless mass of granular calcite. We may, 
therefore, regard the stability of a limestone as. largely 
depending upon the completeness with which the original 
aragonite has been replaced by crystalline calcite. 

In the impure argillaceous limestones the consolidation 
has been effected without crystallisation. These were 
originally a mixture of calcareous and argillaceous mud of 
excessive fineness, between the particles of which there 
would be no room for the crystalUsation of calcite in any 
form but that of the finest grains. The compactness of 
these rocks is probably the result of a natural process analo- 
gous to the setting of cements. Subsequent changes, 
however, produce important results upon limestones. These 
changes may be described generally as the result of the 
replacement of part of the calcium carbonates by other 
isomorphous carbonates, such as those of magnesia and iron, 
or by silica, by which means dolomitisation, silicification, 
and other changes are effected in the original limestone. 

Dolomitisatioh results from a replacement of half the 
lime by magnesia, whereby the double carbonate of lime 
and magnesia, known as dolomite, is produced In the 
so-called magnesian limestone of the Permian formation of 
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England this change has been typically effected, but many 
limestones consist of mixtures of dolomite and calcite in 
various proportions, such as the Durness limestone of Suther- 
land, Bala limestone, Coniston limestone, the Devonian 
limestone of Devonshire, and much of the carboniferous 
limestone both of England and Ireland. It is far from 
correct, therefore, to assume that the Permian is the only 
dolomitised limestone of these islands. The influence of 
the presence of dolomite on the durability of limestone 
rocks has already been described. It also contributes to 
greater hardness and a higher specific gravity. 

A very similar replacement is effected by chalybite, or 
ferrous carbonate. This is a common change in oolitic 
rocks, whereby oolitic ironstones are produced like those 
of Cleveland and Nottingham. 

Silicification, — Carbonate of lime is also replaced by 
silica, an important change occurring in some of the oolites, 
and also in many of the older limestone rocks. Replace- 
ment by silica sometimes extends only to the fossils; at 
other times the whole rock is converted into chert, as in the 
Portland limestone of the South of England. In this 
process the oolitic structure is sometimes preserved, and 
may still be recognised in the chert bands of the Assynt 
limestone of Sutherland, notwithstanding their enormous 
age and the extent to which they have been metamorphosed. 
Oolitic cherts also occur in the coralline oolite of Yorkshire. 
. It is evident that this replacement of carbonate of lime 
by so stable a mineral as silica^ must lead, even if the 
change is only partial, to a great improvement in. the 
hardness and durability of the rock. In the carboniferous 
limestone of Cliflon it is sometimes found that both the 
oolitic grains and the fossil fragments are replaced by a 
mixture of limonite and silica. 

The durability of limestone is also influenced by its 
porosity, which varies with the compactness and crystalline 
texture of the rock. In some of the Ancaster and Ketton 
oolites the matrix has been partly removed by solution, 
leaving vacant spaces between the oolite grains. The 
porosity of such rocks is largely increased on this account, 
and the specific gravity is also diminished, 

E 2 
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Summing up the foregoing remarks, we see that in con- 
sidering the relative merits of limestones the main points 
for consideration are the extent to which unstable forms, 
such as aragonite, have been replaced by more stable 
minerals, such as calcite ; the extent to which calcite has 
been replaced by the still more durable dolomite, and the 
amount of replacement by silica which has taken place in 
the rock. 

Distribution of Limestones. — We will now briefly 
review our British limestones, bearing these points in mind. 

The oldest limestone rocks, such as those of Durness, in 
Sutherland, are largely altered by silicification, as already 
explained. 

Amongst Silurian limestones, Bala limestone is a fine- 
grained calcareous mud stone, sometimes re-crystallised, 
containing fragments of crinoids and polyzoa. The Hirnant 
limestone is oolitic, the grains often showing a skeleton of 
chalcedonic silica. Coniston limestone is completely re- 
crystallised and structureless, with the exception of bits of 
encrinites and corals. It is partly dolomitised. Wenlock 
and Aytnestry limestones are lossiliferous, with a re-crystal- 
lised matrix, but sometimes oolitic. 

Devonian limestones of Devonshire consist of crinoids 
and corals in a re- crystallised matrix, sometimes dolomitised. 
Some of the fme-grained varieties have a good deal of 
uncrystallised calcareous mud. These rocks show every 
stage of dolomitisation, from isolated rhombohedral crystals 
of dolomite to massed crystals with intervening calcite, 
passing finally into pure dolomitic limestone. Some of the 
calcite is occasionally replaced by chalybite. 

The limestones of the above periods differ from those to 
follow in the marked absence of foraminifera, which form so 
large a portion of the carboniferous and mesozoic lime- 
stones. 

Carboniferous Limestone is the most widely used road 
stone of the limestone class. Under the name of Mendip 
granite it is employed over a large range of English 
counties. It consists of fragments of crinoids, brachiopods, 
and foraminifera, often with oolitic grains, the matrix being 
more or less completely re-crystallis^d as a coar§e calcita 
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mosaic. Coarse and finer layers probably represent original 
deposits of shell sand and shell mud. The oolitic grains 
are often re-crystallised and sometimes replaced by iron 
oxide and silica. Certain horizons are- dolomitised, 
especially in Derbyshire, when the original structure is 
somewhat obliterated. This is particularly so in the car- 
boniferous limestone of Ireland, which often consists of 
dolomite crystals cemented by calcite. The latter mineral 
sometimes weathers out, leaving the dolomite crystals free, 
or leaving hollow cavities in the rock. 

The Permian limestone is nearly 'all true dolomite, the 
original organic structure being nearly all lost, although 
some of the beds reveal traces of oolitic grains and shell 
fragments. Locally some foreign sandy matter is present 
in considerable quantity, as in the dolomitic sandstone of 
Mansfield. 

The Oolites are so called from the frequent occurrence of 
oolitic limestones in these strata. These are extremely 
variable, many of our best known building stones being 
derived from these rocks. Some are still used for kerbs 
and paving stones, and locally they are broken up for 
macadam. Their use, however, is gradually declining in 
favour of more durable material. Oolitic limestones, as a 
whole, differ from other limestones in the large proportion 
of comminuted aragonite shells and corals, which seem to 
have accumulated so rapidly that they had not time to 
decay into granular calcite mud. The oolitic grains usually 
retain their concentric structure, but have sometimes under- 
gone secondary crystallisation into fibrous calcite. In the 
Dundry stone of the inferior oolite, the grains are ferru- 
ginous, the concentric structure being strongly marked. 
There is often a good deal of ferruginous impurity in the 
oolitic rocks. This is often aggregated into local patches. 
Some varieties also contain angular quartz sand, and are 
rather calcareous giits than true limestone. The Kellaways 
Rock of Scarborough is of this nature. Some bands of the 
Scarborough limestone have become ironstone, all the calcite, 
except the shell fragments, being replaced by rhombohedra 
of chalybite, or fenous carbonate. The coralline oolite is 
often so coarsely oolitic as to approach the pisolitic structure, 
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while the silicification of the Portland oolite has already 
been noted. 

The argillaceous limestones of the Lias formation are 
characterised » by an abundance of the joints of crinoid 
stems, and are probably derived from a completely ground 
down calcareous mud, mixed with a considerable quantity 
of argillaceous sediment, and often more or less coloured by 
bituminous matter. The Lower Lias at Street and Keinton 
Mandefield, in Somersetshire, yield large paving stones, 
often between 6 ft. and 12ft. square, consisting of laminated 
beds of argillaceous lirnestone. The marhtone^ or rock bed 
of the Middle Lias, is also quarried for road metal in the 
neighbourhood of Ilminster and Yeovil. 

Cretaceous limestones are not of great importance. The 
most largely used as road stone is the Kentish Rag in the 
Hythe beds of the Lower Greensand. This stone consists 
chiefly of shell fragments, mixed with much quartz sand and 
other impurities. Glauconite abounds, filling hollow spaces 
in the shell fragments, or as isolated grains. There are but 
few foraminifera and some derived oolitic grains point to its 
derivation from the denudation of oolite rocks, which it 
resembles. The freshwater limestones of the Wealden 
formation are used locally, but consisting to a large degree 
of the aragonite shells of gasteropods and lamellibranchs, 
their durability is inferior, unless these are converted into 
calcite pseudomorphs. 
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CHAPTER VII. 

Flint, — Weathering of Flints, — Chert. — Flint 
Gravels. — Gravel as Road Material. 

In the course of our survey of the rocks used as road 
metal, it has been continually pointed out that silica plays 
the chief part in conferring hardness and durability upon 
the igneous. rocks, as well as in the consolidation of sand- 
stones and limestones. Hitherto, however, we have seen 
the influence of silica as a constituent of rocks, in company 
with other minerals, either in the free state as quartz, or 
combined in the form of various silicates. We have still 
to consider the nature and properties of silica itself, when 
used alone in the form of flint oi: chert as material for 
macadam. 

Flint. — ^This substance is derived mainly from the upper 
chalk, where it occurs in nodules and tabular masses. 
Similar nodules occur also in other limestone beds, notably 
in the Portland oolite and carboniferous limestone. Large 
quantities of flint are also obtained from gravels and shingle 
beds resulting from the denudation of chalk strata. 

Chemically considered, flint is a variety of silica allied to 
chalcedony; but although from an ordinary macroscopic 
examination it may appear to be homogeneous, when sub- 
mitted to microscopic investigation in a thin, transparent 
slice it is found to possess a well-marked composite struc- 
ture. Two forms of silica are seen to be present,, the 
opaline or colloid form being intermingled with microlites 
or embryo crystals of quartz. This combination of colloid 
and crystalline siHca furnishes the key to the behaviour 
of flints under weathering influences. Although .flint is 
regarded justly as one of the most chemically stable of 
rock-forming minerals, yet it is capable, of being acted 
upon by solvent agents in the form of alkaline solutions of 
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suitable strength. This is more especially the case with 
colloid silica, which is more readily dissolved than the 
crystalline form. 

If we consider the probable origin of flint the reason for 
its composite nature becomes evident In some cases flints 
may be merely the result of the replacement of calcium 
carbonate by silica in the manner already described as 
occurring in the silicification of the limestones and the 
formation of chert. The majority of chalk flints, however, 
appear to have resulted jfrom the segregation of gelatinous 
silica round sponges and other organic remains, since 
sponge spicules are particularly abundant in flint nodules. 
Now sponge spicules consist originally of colloid silica, and 
it is possible that the original segregated silica was also in 
the colloid condition. Flint nodules would, therefore, in 
the first place, consist of colloid silica throughout. By 
subsequent changes, however, this substance gradually 
becomes converted into chalcedony, a crypto-crystalline 
variety of quartz. Flints become thus true alteration 
pseudomorphs, and the difference in their structure depends 
greatly upon the extent to which the opaline or colloid 
silica has been converted into the crystalline form. Other- 
wise flints do not possess any notable variations. Chemical 
analysis shows them to be in a state of great purity, pos- 
sessing but a minute trace of foreign matter, of which, 
perhaps, water is the most important. The following is the 
result of an analysis of chalk flints by Klaproth : — 

Silica ... ... ... 9800 

Lime ... ... ... 0*5 

Alumina ... ... 0*25 

Iron ... ... ... 0*25 

Water... ... ... I'o 

Flints are often more or less hollow in the interior, the 
cavities being lined either with small quartz crystals, or with 
the characteristic mammillated surface peculiar to chalce- 
dony. 

Weathering of Flints. — The superiority of weathered 
flints to those taken fresh from the chalk for road-making 
purposes is a fact long established by experience, and adds a 
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practical interest to the investigation of the change which 
flints undergo in the process of weathering. The black 
colour commonly present in fresh chalk flints was formerly 
ascribed to the presence of organic matter. It is now 
shown, however, to be due to the presence of colloid silica 
in the interstices between the crystalline portions of the 
flint, which, by the absorption of light, produces the black 
appearance. By the removal of this colloid silica in solution 
from the superficial portion by prolonged exposure to 
weathering influences, a porous white crust of pure powdery 
silica is produced. The bleaching which results from cal- 
cination is shown to be due to the formation of minute 
cracks and fissures throughout the mass. Dr. Percy has 
analysed the white crust of weathered flint and finds no 
chemical diflerence between it and the unweathered portion ; 
although others have maintained that calcium carbonate is 
present to a greater extent. 

A more important change which takes place in flints 
during the weathering process is the loss of the small 
amount of water which is always present in those taken 
fresh from the quarry. Small as is the percentage of water, 
yet its loss materially aflects the cohesion and brittle nature 
of flints, which difler from other forms of silica in 
breaking with a conchoidal fracture, the splinters having 
exceedingly sharp edges. The behaviour of flint under per- 
cussion is also peculiar ; even a slight blow appears to affect 
the molecular cohesion of freshly-quarried flints, producing 
what is called a " bulb of percussion." The ease with which 
this may be produced is well shown by the "mastoid" 
pittings noticed on the black flints set in old buildings, and 
caused by the slight blows given by the hammer during the 
setting of the flints in their places. The incipient fractures 
thus produced have since weathered out, giving the above- 
mentioned appearance on the surface. 

This excessive brittleness of flint is its greatest drawback 
to its employment as a road stone, and causes fresh chalk 
flints to be almost useless for this purpose. Flints only part 
with the small quantity of moisture which they contain when 
fresh with extreme slowness, and some years' exposure to 
the weather is necessary before they become toughened. 
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For this reason it is preferable to use flints picked from the 
surface of chalk districts, or those which have undergone 
prolonged weathering in the process of accumulation in 
gravel and shingle beds. Unrolled flints, however, which 
have been embedded for long periods in permeable soil do 
not always appear to acquire toughness. Sometimes the 
flints taken from such deposits are so extremely fragile that 
the mechanical process of removal causes them to disinte- 
grate and fall to pieces. It has been noticed that long 
exposure to percolating water may cause flints to soften to 
such an extent that they can be cut with a steel knife, owing 
to the gradual removal of the colloid silica and the resulting 
powdery condition of the remaining crystalline chalcedonic 
silica as already described. 

It seems also probable that in weathered flints the inter- 
stices left by the removal of the more soluble colloid silica 
are again filled up by crystalline silica, whereby the whole 
is re-cemented into a more stable and tougher form. Many 
flints show unmistakable signs that such a change has taken 
place, for shattered flint nodules are not uncommonly found 
welded together by subsequent cementation. 

Chert. — Chert is a massive and compact form of amor- 
phous silica, occurring as nodules or more often in beds in 
limestone rocks geologically older than the chalk. It may 
be regarded as an impure flint ; but the impurity, small as 
it may be in amount, serves an important end in preventing 
the conchoidal fracture and excessive brittleness of ordinary 
flint. Much of the chert occurring in limestone strata has 
evidently resulted from the replacement of calcium 
carbonate by silica. This replacement is seldom quite 
complete, and the composition of chert is, therefore, 
variable. Sometimes calcareous fossils are included in 
chert without having undergone any appreciable change j at 
other times these are represented by mere empty casts, the 
calcareous matter having been removed subsequently to the 
silicification of the limestone. Like flints, chert sometimes 
contains a considerable proportion of colloid silica, especially 
when sponge spicules are present in their original state; In 
the cherts from older rocks these spicules are more often 
converted into chalcedony. If they are not so converted 
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they tend to disappear by solution, leaving empty casts. 
The cherts of the Hythe beds of Surrey and Kent, ks well 
as some of the Upper Greensand cherts, are often full of 
casts of sponge spicules. Sometimes the original sandy 
structure of the greensand is just visible. Many other 
original structures, both organic and inorganic, common in 
limestone rocks are often recognisable in the resulting 
cherts. 

Contrasting the relative merits of flint and chert as road- 
stone, we see that the cherts are generally more suitable for 
this purpose, on account of their tougher nature, owing to 
which they do not so readily pulverise under traffic. This 
superior degree of toughness is exemplified by the use of 
chert for the purpose of grinding down the flints used in 
pottery mixtures. Their hardness, however, is slightly 
inferior to that of flint, and they do not so readily strike fire 
on perciussion by steel or iron. The cherts, however, are 
much less widely distributed than flints. Their value, also, 
for grinding purposes tends to restrict their use for other 
purposes. In the limestone rocks the cherts often occur in 
large masses, which, even if they had no other more 
profitable use, would be difficult and costly to break up into 
macadam. 

The chert of Sevenoaks, Kent, found in the Hythe beds 
of the Lower Greensand formation, is extensively used as 
road stone over a considerable portion of the Wealden area 
under the name of Sevenoaks stone. In Surrey the 
same substance is known as "red flint," and in West Sussex 
it is sometimes called " whinstone,'' a name which must not 
be confused with the North of England igneous rocks 
already described, under the name of whinstone, in a 
previous article. 

Flint Gravels. — There is no rock so widely distributed 
or so variable in it^ nature as the loose accumulations of 
stones, sand, and other finely-divided matter which pass 
under the general name of gravel. From their mode of 
origin these deposits may be looked upon as residues 
derived from the disintegration of older formations, and the 
materials of which they are composed will naturally consist 
of the harder and more durable portions of their parent 
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rocks. The most important from our present point of view 
are the flint gravels, which are widely spread over the 
country, even in localities far removed from the outcrop 
of the chalk formation from which the flints contained in 
them were derived. 

The larger stones composing gravel beds will vary in 
shape according to the amount of mechanical attrition to 
which they have been subjected in the course of their 
accumulation. Thus we may distinguish angular gravels, 
in which the stones still retain the irregular form which they 
possessed when first liberated from their parent rock ; sub- 
angular gravels, in which the stones have undergone a 
certain amount of rounding by attrition ; 2xA pebble gravels, 
in which they are completely worn into the more or less 
flattened ellipsoidal shapes common to beach deposits. 
Gravels, and more especially those which contain angular 
stones, may also be composed of an assemblage of rocks of 
very different kinds, including even fragments of igneous 
rocks, such as granite, syenite, or basalt, as well as the 
harder parts of stratified formations. These, known to the 
geologist as glacial gravels, occupy wide areas of ground 
at all altitudes, and having no connection with the present 
systems of river drainage. Other gravels, on the other hand, 
occupy the river valleys, often forming well-defined terraces 
at considerable heights above the present level of the river 
floods. These contain chiefly such stones as occur in the 
rocks in the upper portion of the valley, and vary con- 
siderably with the geological structure of the district in 
which they occur. 

Gravel as Road Material.— In estimating the value 
of a gravel deposit as a source of road material, the follow- 
ing points should be noticed : — 

I . The Nature of the Stones, — In flint gravels the flints 
are generally found in the toughened 'and weathered con- 
dition, especially if water-worn. As previously mentioned, 
however, some coarse and angular flint gravels contain 
large flints which are in an excessively rotten condition, 
and quite unfit to bear the pressure of traffic. These flints 
gradually toughen by exposure to the atmosphere, just as 
do those taken fresh from the cL..lk pit. Stones of other 
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kinds occurring in gravels will possess the properties of the 
rocks to which they belong, as already described in former 
chapters. When not of uniform hardness they will wear 
unequally and produce an uneven surface. 

2. The Size and Shape of the Stones, — Angular stones, if 
not too large, are more adapted for macadam than those 
with more or less rounded outlines. Such stones, however, 
are generally very variable in size, and may be quite useless 
until broken up into smaller pieces. The stones of river 
gravels are usually more uniform in size and shape, but 
their rounded outlines are not so favourable to their bind- 
ing into an interlocked mass when placed in a road. In 
coarse gravels large stones make up the chief part of the 
deposit, while fine gravels with smaller stones are often 
suitable only for footpaths and garden paths. When 
gravels contain a mixture of stones of all sizes they require 
separation by screening, and all stones above i in. in 
diameter must be broken. 

3. Nature of the Finer Material. — The finer particles of 
gravel are usually sandy or clayey, often ferruginous, and 
sometimes even calcareous. The binding properties of 
gravels depend greatly upon the composition of the finer 
particles of the deposit. Sometimes the gravel is cemented 
into a compact mass by ferruginous matter, forming a kind 
of conglomerate known in some localities as ragstone or 
iron rag. 

Superficial deposits occasionally contain hard concre- 
tionary masses of consolidated rock, forming useful material 
for roads. Of this nature is the Greywether sandstone, 
found in considerable quantities over the chalk districts of 
the south-eastern counties. The composition of these 
rocks has already been described under the head of sand- 
stone, from which, however, they differ in not occurring in 
stratified beds, but in large isolated fragments. These are 
broken up and worked both for kerbs and macadam. 

Shingle, — Shingle may be described as a coarse pebble 
gravel. Immense accumulations of rolled flint shingle, 
derived from the denudation^ of chalk cliffs, lie along the 
south coast of England, forming not only the present sea- 
beach but occasionally preserved as a relic of former 
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beaches at various heights above the present sea-level. 
The flints in these deposits are generally tough and durable, 
but they are so rounded by attrition that they have 
positively no binding power. They are extensively used, 
however, for the jnanufacture of concrete, and occasionally 
for macadam or for boulder pavements, aTthough for the 
latter purpose they are too hard.and smooth. 

We have now had in review the most important of the 
natural rock substances used as road stone, and have seen 
how their value is influenced by peculiarities both in 
mineralogical composition and mode of aggregation. We 
shall now, therefore, be in a position to follow the attempts 
which have been made to imitate the structure of these 
natural products by artificial means. 
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CHAPTER VIII. 

Artificial Stone, — Varieties of Artificial Stone, 
— Victoria Stone. — Granolithic Paving, — 
Brick, — Slag, 

Artificial Stone. — No account of road-making materials 
would be complete without an examination of the nature 
and composition of the various kinds of artificial stone 
which are rapidly coming into use in the place of natural 
flagstones. Of the many varieties of artificial stone now 
in the. market some are too expensive for use as paving 
material. Otherwise there is no reason why any of them 
should not be employed, as they are all made in moulds to 
any required shape, whereas the natural flagstones depend 
upon the fissile structure caused by their planes of bedding. 
On theoretical grounds it might appear that an artificial 
stone can be prepared, which, combining all the good 
qualities of the best natural products, might at the same 
time be free from their defects; but, although great ad- 
vances have been made in the production of artificial 
paving slabs, it is by no means easy to procure such a com- 
bination of desirable features as to excel the best examples 
which nature affords. In some respects artificial stone is 
superior; it is m^e homogeneous in texture and colour, 
and possesses greater freedom from local defects, such as 
concretionary and secretionary lumps. The better varieties, 
also, are not so absorptive and are less liable to be influenced 
by changes^ of temperature, having no bedding planes to be- 
come loosened by frost. 

In the manufacture of good artificial stone two main 
points have to be considered, viz., the nature of the hard 
material employed and the quahty of the cement by which 
it is held together. In the selection of the hard material it 
is not enough to procure any material, or quarry refuse of 
whatever kind it may be. Bad stones liable to weather, or 
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containing much pyrites or magnetite, which would speedily 
produce unsightly stains, should be avoided just as carefully 
as when they occur in the natural rocks themselves. Amongst 
the materials which are employed, clean chippings or coarse 
grit made by crushing igneous crystalline rocks such as 
granite or syenite are the best ; but good hard gravel, free- 
stone chips, rubbish from refuse destructors, and even burnt 
clay ballast have been used. For artificial sandstone, clean, 
sharp quartz sand should be used, with but little iron, 
according to the colour desired. 

Everything depends upon the cement. If this is of bad 
quality no amount of subsequent steeping in solutions will 
transform the stone into one of good quality. Portland 
cement varies considerably in its composition, owing to 
want of uniformity in the materials used in its preparation, 
such as chalk and clay, or river mud. The average com- 
position of Portland cement and of the chalk and clay 
from which it is made may be taken as follows : — 

Cement. Clay. Chalk. 



Silica 


2332 ... 


55-34 


.. I-I5 


Alumina and Iron . . . 


12-13 ••■ 


2508 


... 0-78 


Lime 


61-56 .. 


0-90 


... 54-0 


Magnesia 


I -07 . . 


o-8o 


... 0-25 


Carbonic acid 


128 .. 


0-83 


... 425 


Sulphuric acid 


0-3 ' .. 


I-20 




Organic matter, &c. . . . 


0-34 .. 


• 16-35 


••• 1*32 



Besides the variability which must necessarily be found 
in the chemical composition of the materials, the process of 
manufacture is also responsible for many of the differences 
to be found in the quality of cements. The process of 
burning results in the reduction of chalk to quicklime, 
which reacts upon the clay, forming calcium silicate and 
calcium aluminate, of which two substances good cement is 
chiefly composed. Now this change only takes place at 
such a temperature that . the mixture is in a state of semi- 
fusion called technically clinkering. Imperfect burning 
causes partial clinkering only and greatly diminishes the 
strength of the resulting cement, i^nother important point 
is the grinding. If the cement is not finely ground it will 
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not undergo hydration simultaneously, the finer particles 
absorbing water more quickly than the coarser particles. 
Now if the finer particles have already set, the expansion 
caused by the subsequent setting of the larger particles 
tends to disturb and internally disintegrate the cement, 
whereby it is greatly weakened. The age of the cement 
also affects its setting properties. Fine-ground cement 
should be used quite fresh, for it gradually loses its setting 
power with age. 

These few facts with respect to cement will be sufficient 
to show why great care should be exercised in its selection 
for the purpose of making artificial stone, some of the 
varieties of which we will now proceed to describe. It 
would not be possible to give details of every stone now in 
the market; we shall, therefore, select those which seem 
most suitable for illustrating the general principles which 
are involved in their manufacture. 

Varieties of Artificial Stone.— As early as 1832 
Ranger patented an artificial stone made of silicons material 
in combination with brick or stone, using, as a matrix, 
Dorking or other limes in their pure state, mixing with 
boiling water and then forming into blocks. This process 
is of historical interest only. 

Ten years latter, Buckwell invented "granite breccia 
stone," using best Portland cement as a matrix, and oolitic 
or magnesian limestone fragments as an aggregate. The 
materials were mixed together with a small proportion of 
water only, and brought into close contact by an iron 
rammer. 

About the year 1845, the use of soluble silicate was 
advocated by Kuhlmann. He prepared a solution of potas- 
sium silicate by dissolving flints in potassium hydrate 
solution at a high temperature. In this solution he soaked 
chalk or other porous stone, whereby the carbonate of lime 
in the stone was converted into silico-carbonate, the liberated 
carbonic acid combining with the potash to form potassium 
carbonate. In course of lime, by the assistance of heat 
and dry air acting upon the stone, the silico-carbonate of 
lime was decomposed, silica being liberated, and the rock 
becoming hard enough on the surface to scratch glass. 
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The above stone was only properly silicified on the 
surface. Ransome used the soluble silicate to convert clean 
sand into a compact mass, which he then immersed in a 
solution of calcium chloride, whereby calcium silicate was 
liberated in an insoluble state in the pores of the stone. 
The calcium silicate is very hard and adheres firmly to the 
particles of sand, resisting acid solutions, and producing a 
hard and compact sandstone. In 1870 he effected a great 
improvement in the above process by using Farnham stone, 
which contains 40 per cent, of soluble silica, 15 per cent, of 
alumina, and the remainder of quartzose sand. When this 
stone is mixed with soluble silica, together with some chalk 
or clay, insoluble silicates of lime and alumina are formed, 
and the liberated soda, or potash, combines with the soluble 
silica of the Farnham stone to form fresh silicate, whereby 
a more compact rock is produced. 

Victoria Stone. — ^This well-known paving stone was 
first introduced by Mr. Highton, who greatly reduced the 
size of the granite chips as previously used. These chips 
are almost pulverised before being mixed with Portland 
cement of the best quality and water. The resulting 
concrete is finally immersed in a solution of silicate of soda, 
which is prepared by boiling ground Farnham stone in 
caustic soda. 

It is doubtful whether soaking such stone in silicate is 
of much benefit when hydraulic cement is used as the 
cementing material. The only use of soluble silicate is to 
form calcium silicate by double decomposition in the pores 
of the stone. To this end not only must the stone be in 
itself porous enough to absorb the solution freely, but it 
must also contain some calcium compound capable of 
reacting with sodium silicate, whereas in the best Portland 
cements the calcium is chiefly in the form of calcium silicate 
already. 

Paving slabs are made either by hand or by machinery, 
the hand-made varieties are made in wooden moulds, lined 
inside with smooth sheet iron to ensure true shape and 
sharp edges. The top of the mould is open and the sides 
are removable so that the slab can be taken out without 
turning it over. The materials are mixed dry, in the 
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proportion of three-parts pulverised granite, small enough 
to pass through a sieve having a -^^ in. mesh, and one part 
best Portland cement. As little water as possible is added 
and the mixture transferred to the mould, where it is patted 
and trowelled until the top is in a sloppy condition. After 
a few days it is removed from the mould and placed in the 
air to mature for a period varying from six to twelve months. 
Some makers, before maturing the slabs, soak them for 
seven days or more either in water or in a solution of 
sodium silicate. 

A great objection to hand-made slabs prepared in the 
above manner is the difficulty experienced in completely 
removing air bubbles, which not only leave hollow spaces 
in the stone when the concrete sets hard, but also give a 
spotty appearance to the finished stone. Its specific gravity 
and wearing properties are also affected by the presence of 
air cavities. Several methods are in vogue for the complete 
removal of air bubbles. Some makers attain this object by 
hammering the concrete well into the mould during the 
filling process. In other cases the mould is placed during 
the filling on a trembling machine, whereby it is continually 
jumped up and down, so that the air bubbles rise to the top 
of the mass and disperse. The same object is attained in 
other cases by means of hydraulic pressure. 

Instead of granite any hard, durable material may be 
used, as previously mentioned. Granite dust and cement, 
as used in the above-described process, give slabs of great 
compressive strength, reaching as high as 4,200 lbs. per 
square inch compression, and 650 lbs. tension. When 
made perfectly free from air cavities these slabs are 
characterised by perfect homogeneity, a surface which does 
not wear smooth, and affords good foothold whether wet 
or dry, and freedom from damage by frost, owing to the 
comparative non-porosity of the' stone and the absence of 
bedding planes. 

Granolithic Paving. — Stuart's granolithic paving slabs 
do not differ essentially from the above. Leicestershire 
granite is used and the slabs are soaked in soluble silicate 
solution. 

The Imperial Stone Company use a mixture of Aberdeen^ 

F 2 
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Guernsey, and Quenast stone, all fractural dust being 
carefully removed. The moulds are filled on a table 
jumped by mechanical means to remove air bubbles, and 
the stones are subsequently treated with silicate solution. 

The Adamant Stone Company used Aberdeen granite 
chips and expelled air bubbles by hydraulic pressure of 
lo cwt. per square inch. 

Garstin's Granito-Plumbic paving differs from the above 
in the- arrangement for securing a non-slippery surface. 
Clean granite siftings are mixed with the best Portland 
cement, and lead filings are introduced when being gauged. 
The wet mixture is well shaken up to remove air bubbles. 
The lead filings gravitate to the bottom, so that on turning 
out the slab they are almost all on the top, where they 
gradually become exposed during wear and maintain a 
good foothold on the surface. The same company have 
also proposed to render natural stone non-slippery by 
boring holes into the block and filling them up wiih lead. 

Belgian artificial sandstone is made of very clean coarse 
quartz sand, mixed with one quarter of its weight of dry 
hydraulic lime. The mixture is compacted into moulds 
and heated in water for seventy-two hours in a boiler under 
a pressure of about 90 lbs. per square inch. On removal 
the blocks are still soft, but they rapidly harden in the air, 
and will finally withstand a pressure of 6,000 lbs. per square 
inch. They absorb only about 6 per cent, of water, and 
are quite unaffected by frost. A very similar stone is the 
Owen artificial sandstone, for which yellowish white quaitz 
sand, sharp and free from all earthy impurities, is perfectly 
dried and automatically mixed with 12 per cent, of hydraulic 
lime in a rotary mixer. It is then placed in a mou^, which 
is put into a strong cylinder, into which boiling water is 
admitted, and kept hot by steam pipes inside the cylinder. 
It is thus kept under a pressure of 60 lbs. per square inch 
for a period of two days, when it is withdrawn and matured. 
In the magnesite artificial stone, made in Berlin, very 
different effects are produced, according to the nature of 
the ingredients used. The process consists in adding to a 
solution of magnesium chloride a proper proportion of 
calcined magnesium carbonate (magnesite), or magnesia 
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lime. To this are added various waste materials, such as 
sawdust, cork, peat, sand, stone waste, marble chippings, 
&c. The mixture is well kneaded and placed in moulds 
When set, very hard and durable slabs are produced, and 
artificial sandstones and marbles are successfully imitated. 
The so-called Sorel stone is of this nature. 

The above examples will be sufficient to explain the 
general character of artificial stone. A perfect imitation of 
natural sandstone with a siliceous cement has not yet been 
procured ; but the calcium silicate cement secured in most 
of the above-described processes very closely approximates 
in hardness and durability to the character of silica itself. 
In addition to the above-mentioned varieties, there are 
several kinds of stone, the mode of preparation of which 
has not been disclosed. 

Brick. — The varying quality of English bricks and the 
resulting unevenness in their wear when used for pavements 
have greatly prejudiced the use of this material in this 
country. In Holland and in America bricks are very largely 
employed, and they have undoubtedly many advantages as 
j)aving material. Good bricks have a smooth but not a 
slippery surface, they are practically non- absorptive, and 
are, therefore, readily cleansed ; while they also afford easy 
traction, and are suitable for gradients on which asphalt 
could not be used with safety. 

A good paving brick should not absorb more than al)out 
3 per cent, of moisture in twenty-four hours. It should also 
be tough enough to withstand the abrasion of heavy traffic. 
Both of these properties depend upon the degree of vitrifi- 
cation which -burning produces. The more complete the 
vitrification the less absorptive will be the brick ; but, on 
the other hand, a high degree of vitrification, by which the 
materials are more or less melted or fused into a glassy 
mass, causes brittleness. Brittleness is also caused by 
improper annealing, owing to too rapid a rate of cooling, 
and by too large a proportion of sand in the clay from which 
it is made. 

To avoid the above defects vitrification should in all cases 
just stop short of fusing. Now, the temperature at which a 
brick will fuse depends upon the composition of the clay.. 
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from which it is manufactured. Clays with a very small 
proportion of fusible silicates, such as potash, soda, lime, or 
iron, are extremely refractory, and are hence known as fire- 
clays. Bricks of such clays would not vitrify, and would be 
useless for pavements on account of their porosity. On the 
other hand, too large a proportion of fusible silicates, renders 
bricks liable to run ; that is, they vitrify at too low a tem- 
perature and become brittle. Lime in excess is also an 
objection, owing to the formation of caustic lime on burning, 
which would speedily cause disintegration under the influence 
of moisture. 

Again, uniformity of shape is an important point in paving 
bricks. Plastic clay, when used alone, is liable not only to 
lose its shape on burning, but also to crack on drying. The 
best bricks, therefore, are those made from loamy clays, or 
brick-earths, which contain not only a certain proportion of 
sand, but also just that amount of fusible silicate as will 
enable incipient vitrification to be reached without fusion. 

Staffordshire blue bricks are those which are best adapted 
and most extensively used for pavements in this country. 
They are made from clay containing as much as lo per cent. 
of iron oxide, and are burnt at a very high temperature, 
whereby the iron is reduced to protoxide, giving the 
characteristic dark blue or black colours. Dutch clinkers 
are small bricks used also for paving purposes. They are 
very hard and burnt to complete vitrification, but are some- 
times warped 

Various devices, such as grooves and chamfered edges, are 
employed for securing better foothold on brick pavements. 

In McDougall's patent Combination Sett Pave- 
ment, which has been extensively used for street crossings, 
slipperiness is avoided by driving creosoted wooden plugs 
into highly vitrified blue bricks. 

Slag. — The vitrified cinders from blast-furnaces, called 
by the general name of slag, are extensively used for the 
repair of roads in many of the iron-producing districts of 
Great Britain, and especially in parts of Yorkshire and 
Northamptonshire. Certain slags are also used in the 
manufacture of Portland cement. Consisting of fused 
•silicates, the' iron slags approximate very closely to the 
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nature of igneous rocks. There is, however, one important 
difference. In igneous rocks the order of consolidation of 
the fused silicates is not always the inverse of their fusi- 
bility, but, as we have already seen in our description of 
the igneous rocks, rather in the order of their basicity. In 
such an artificially fused substance as slag, the least fusible 
silicates are invariably the first to consolidate. Rapid 
cooling, also, produces an exceedingly •glassy condition, 
and the consequence is that slags have the brittle characters 
of the more glassy igneous rocks. Slag is only suitable 
for macadam, and its quality is very variable, depending as 
it does upon the nature of the ore and the kind of flux 
used in the smelting process, as well as upon the tempera- 
ture of the furnace. Some of the older slag heaps have 
been found more suitable for road metal than those 
obtained by more recent smelting processes. This is due 
chiefly to the large proportion of iron left in the slags 
obtained by the less perfect metallurgical processes of former 
times. The following table shows the approximate com- 
position of some typical slags : — 
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We see, therefore, that for purposes of cement-making, 
slags contain a deficiency of lime ; while, as road-stone, in 
comparison with igneous rocks, there is not only a low 
silica percentage, but also a very high percentage of lime, 
calcium silicate largely preponderating in the place of. the 
ferro-magnesian silicates so characteristic of the basic rocks. 

Slags have but little binding property, and are, therefore, 
often used in conjunction with limestone, which not only 
aids consolidation, but also prevents the sharp edges of 
fresh laid slag from injuring horses' feet. The unequal wear 
of limestone and slag will, however, prqducQ s^ rough ^urfac^, 
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CHAPTER IX. 

Na tur a l Asp// a lt. — A/: t/f/c/a l Asp// a lt. — Rock 
Asphalt, — Mast/c Asp// alt. — Tar Macadam. 

Natural Asphalt. — Asphaltum, or mineral pitch, is a 
massive variety of bitumen occurring in a number of 
widely-separated localities, and generally supposed to be 
the result of the decomposition of organic matter. Its 
chief sources are from the well-known pitch lake in Trini- 
dad, and from Bermudez in Venezuela ; but it also occurs 
in Cuba, Peru, and Mexico, as well as in various parts of 
Europe and the United States. In the two first-named 
localities it is found in aform known as lake asphalt^ cover- 
ing an area of several hundreds of acres of liquid pitch or 
bitumen, which, in contact with the air, gradually hardens. 
On the removal of the hardened superficial portions, the 
excavation is gradually filled up with the more liquid 
bitumen lying below. Land asphalt is a somewhat harder 
variety, originally derived from similar sources, but more 
indurated by prolonged exposure to the air. 

Crude asphaltum contains water as well as various 
mineral and organic impurities. By heating to a tempera- 
ture of 300 deg. or 400 deg. F., the water is driven off and 
the impurities settle to the bottom or form a scum on the 
top of the liquefied mass; which is then drawn off and is 
known as refined asphalt The quantity of pure bitumen in 
the refined product varies considerably. In the Trinidad 
asphalt it amounts to about 56 per cent, but the Bermudez 
mineral contains a much larger percentage, the difference 
being due to the amount of finely divided earthy matter 
which has escaped separation in the refining process. The 
quality of the bitumen also differs considerably in various 
localities. Bitumen consists essentially of two parts, a 
yellow oily material cdW^i petrolene and a hard black brittle 
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substance known as asphaltene. These two substances are 
not always present in the same proportion. An excess of 
petrolene causes the asphalt to melt at a low temperature, 
and renders it deficient in stiffness, while a large propor- 
tion of asphaltene causes it to be brittle and wanting in the 
plasticity and cementing power requisite for the production 
of a good pavement. Refined asphalt consists chiefly of 
asphaltene, and is, therefore, too brittle to use in this con- 
dition. To remedy this defect it is mixed with mineral oil 
obtained from the distillation of petroleum, the asphalt having 
previously been liquefied at a temperature of about 300 
deg. F. The quantity of oil necessary to produce the requi- 
site state of consistency varies with the nature of the asphalt 
as well as with the quality of the oil itself. The mixture is 
continually tested with a weighted needle -to ensure a proper 
degree of plasticity. Instead of residuum oil, liquid bitu- 
men containing a large proportion of petrolene may be 
added to the refined asphalt to secure plasticity. By either 
of these means the brittle refined asphalt is thus converted 
into asphaltic cement. 

This substance cannot, however, be used alone for the 
production of pavements, but must be mixed with sand and 
calcium carbonate in various proportions according to the 
conditions under which the pavement is to be used. In 
America the following proportions have been used : — 

Trinidad Asphalt. Bcrmudez Asphalt. 

Asphaltic cement ... 12-15 per cent. ... 9-10 per cent. 

Sand *5.V7o >» ••• 71-60 „ 

Calcium carbonate . 5 15 „ .-. ?o-3o ,, 

Instead of sand crushed granite may be substituted. 

Good bitumen should not contain much foreign matter, 
such as water, earthy impurities, or volatile oil. It should 
not lose weight when heated for some hours to a tempera- 
ture of 230 deg. F., and at ordinary temperatures it should 
be viscous; never brittle or fluid. It should also be capable 
of being drawn out into fine threads, which should only 
break when very slender. It is insoluble in water and 
alcohol, but may be dissolved in naphtha, benzol, carbon 
bi-sulphide, alkalis, and alkaline carbonates. 
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Artificial Asphalt is the pitch-like residue obtained by 
the evaporation of the more volatile constituents of coal-tar. 
It is inferior to the native product, and varies considerably 
with the quality of the coal and the temperature at which it 
has been distilled. The hardness of artificial pitch depends 
greatly upon the perfection to which distillation has been 
carried, and it is generally necessary to thin it down, 
by the addition of various tar oils, before using it for paving 
purposes. In the process of thinning it is important that 
only the heavy tar oils, such as green oils, are employed ; 
for if creosote or naphthalene are employed for this purpose 
the pitch loses much of its binding or cementing power. As 
with the natural bitumen, it is necessary to impart firmness 
by suitable admixtures of sand, grit, gravel, chalk or lime, in 
the manufacture of asphalt for street paving, these ingredients 
being thoroughly incorporated with the pitch while in the 
molten state. It is said that the addition of about 5 per 
cent, of sulphur, added during the melting of the pitch, 
greatly improves the quality of the resulting asphalt, render- 
ing it less fusible by the decomposition of some of the 
hydrogen compounds. 

To avoid deception by the substitution of artificial asphalt 
in contracts in which the natural product is specified, it is 
well to. submit the substance to the following test :— Extract 
with carbon disulphide, and filter off the liquid portion. 
The filtrate is then evaporated to dryness, and the residue 
heated until it is sufficiently hard to grind to a fine powder. 
This powder, about 'i gram in weight, is treated for twenty- 
four hours with five cubic centimetres of strong fuming 
sulphuric acid, and then stirred with twice its volume of 
water. If coal-tar pitch is present, the solution will be of a 
dark-brown or black tint ; but natural bitumen will give a 
light yellow solution. 

Rock Asphalt. — In the case of the above-mentioned 
products, bitumen, either natural or artificial, is incorporated 
with various rock substances, such as sand, &c., to produce 
a pavement. The bitumen, in this case, plays the part of a 
cement which not only binds the ingredients together but 
also renders the whole mass compact and impermeable. 
In various parts of Europe, however, there are natural 
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bituminous rocks, chiefly limestones, which contain such a 
proportion of bitumen, that the whole rock softens under 
the influence of heat and consolidates again on cooling. 
The bitumen in these rocks is so thoroughly incorporated 
that it is superior for many purposes to the asphalts made 
by addition of bitumen to sand and limestone. These 
bituminous limestones are known as asphalt rock^ to dis- 
tinguish them from the mineral asphaltum previously 
described. They occur in seams in the limestone deposits 
of various parts of Europe, and are worked chiefly at the 
following places, viz. : — Val de Travers, near Neufchatel, in 
Switzerland ; in Seyssel, in the department of Ain, France ; 
Lobsaun, in Alsace ; Maestu, in Spain ; Limmer and Vor- 
wohle, in Germany ; and at Ragiisa, in Sicily. The com- 
position of these rocks varies considerably, as is shown by 
the following analyses by M. Durant Claye : — 
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The rock of Maestu differs from the others in being 
a bituminous sandstone. The calcareous asphalt rocks, 
which are principally employed for pavements, are chocolate 
brown in colour when first extracted ; but, when exposed to 
the atmosphere, they undergo a superficial change, assuming 
a grey tint and resembling ordinary limestone. This is due 
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to a loss of bitumen from a thin outside layer, leaving a film 
of ordinary limestone on the surface. The rock when 
broken takes an irregular fracture, without any trace of 
cleavage. Its specific gravity is about 2*23, and it is hard 
enough to require a hammer to break it. When warmed it 
softens to the consistency of paste, but heated to about 140 
deg. F. it falls to powder. In grain it is regular and homo- 
geneous, the finer the grain the better being the quality. 
So completely is the bitumen incorporated that the rock 
shows no trace of its calcareous matrix, although occasion- 
ally it is veined or contains large calcite crystals impregnated 
with bitumen. 

It is important that rock asphalt for pavements should 
contain not less than 7 per cent, nor more than about 
12 per cent., of bitumen. Too large a proportion of 
bitumen causes the pavement to soften and assume a wavy 
surface in warm weather, while too small an amount 
renders the asphalt incapable of binding properly, and 
unable to bear the pressure of heavy traffic. A smaller 
proportion of bitumen, however, will suffice for footpaths 
and courtyards where the traffic is light. 

The percentage of bitumen in asphalt rock may be 
readily determined by extraction with a solvent, such as 
carbon bi-sulphide, Russian oil of turpentine, ether, or 
coal-tar benzene. The sample is air-dried and stirred in a 
glass vessel with the solvent, which is then poured off and 
allowed to evaporate. The bitumen remaining after evap3- 
ration is then weighed and exposed to a temperature of 
428 deg. F. in a lead bath. Any loss of weight will repre- 
sent the proportion of volatile oil present in the bitumen, 
which should be almost inappreciable in a good sample. 
The residue left in the glass vessel after the solvent is 
poured off should be almost pure limestone, white and soft, 
and not rough and darkened by the presence of organic 
matter, iron pyrites, silicates, or clayey matter. 

The whole of the bituminous matter may be extracted 
from asphalt rock by petroleum, which acquires a deep 
brown colour ; whereas the imitation varieties made from 
coal-tar pitch give a characteristic green flugrescQncq when 
thus treated, 
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Asphalt rock is used in two ways for the construction 
of pavements, viz., compressed for heavy traffic, and as 
mastic for lighter traffic on footpaths. In the manufacture 
of compressed asphalt the following process is usually 
adopted : — Large pieces of rock, weighing from \ cwt. to 
\ cwt., are placed in a Blake's, or other form of crusher, 
where they are broken to small pieces of the size of a 
pigeon's egg. These are then pulverised in a machine 
known as ** Carr's disintegrator/' The resulting powder is 
small enough to pass through a sieve of 'i square inch 
mesh. It is then heated in roasters, with revolving cylin- 
ders, to a temperature of 250 deg. F. until all moisture is 
eliminated, and transferred quickly to the place where it is 
to be laid, in specially constructed vans to avoid loss of 
heat in transit. 

Mastic Asphalt. — The powdered asphalt as made 
in the above-described process is boiled in large cauldrons 
capable of holding about two tons, and provided with 
agitators driven by steam. A certain proportion of refined 
Trinidad bitumen is first melted in the cauldron, the amount 
varying from five to eight per cent, of the whole mixture, 
according to the proportion of bitumen present in the 
asphalt rock used. The powdered rock is added gradually, 
and kept well stirred by the agitators for about five hours, 
the temperature being maintained between 390 deg. and 
480 deg. F. In some cases the cauldrons are on wheels so 
that they can be transported to the place where the material 
is to be used, in other cases the substance is turned out 
into moulds, forming cakes, which are remelted in the 
street cauldrons. Before use a certain amount of grit or 
powdered stone is added. This is usually not larger than 
the size of peppercorns, and may vary in amount from 20 
to 60 per cent, according to the desired result. The more 
grit the more difficult is the mateiial to spread ; but the 
path is rendered more durable, and the cost of the material 
is diminished by its addition. The perfect adhesion of the 
grit and asphalt is seen on a broken surface, the fracture 
often passing through the grit particles themselves instead 
of these breaking out intact. The object of the added 
bitumen is to act as a flux, and its quality has an important 
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influence upon the resistance of the pavement to wear and 
climatic influences. Artificial bitumen made from petroleum 
refuse or gas tar must on no account be used, as it renders 
the asphalt weak and easily softened. The apparently 
simple composition of natural asphalt rock and the cheap- 
ness of coal-tar pitch has led to many artificial varieties of 
asphalt pavements. These, however suitable they may be 
in certain cases, have not the durability of the natural 
substance, and have not proved themselves capable of 
sustaining the heavy traffic of chies. A variety of ingredients 
are used in the manufacture of these imitations, which 
consist essentially of tar and lime, stone, sand, grit, pulverised 
iron ore, or slag, with a certain amount of pitch. 

Tar Macadam. — Tar paving or tar macadam is a kind 
of concrete formed by mixing tar with limestone, calc spar, 
or grit, whereby an impervious road somewhat similar to 
asphalt is obtained. For this purpose only soft rock material 
such as limestone or Kentish Rag would be suitable, owing 
to the inequality of wear which would result from the use 
of harder substances, whereby an uneven surface would be 
quickly produced. Granite and other non-absorbent rocks 
are not suitable, as such material fails to bind properly, and 
in time works loose, besides tending to produce a hard, 
bumpy surface. This was the cause of the recent failure of 
this kind of pavement in Aberdeen. The following pro- 
portion of materials for tar footpaths is given in the 
** Municipal and Sanitary Engineer's Handbook " : — 
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The dry materials are first mixed together, the tar and 
water being gradually added as in mixing concrete. The 
resulting mass, which should have the consistency of mortar, 
is then passed several times through a pug-mill to secure 
thorough incorporation, when it will be fit for use. 

For roadways the macadam is either mixed with boiled 
coal-tar before laying, or a boiling mixture of creosote oil 
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(50 gallons) and pitch (i ton) is poured on the laid stone 
so as to fill the interstices, the top being spread with small 
stone, and the whole well rolled. The boiling of the tar has 
an important bearing upon the result. This is chiefly due 
to the difficulty in otherwise obtaining a suitable consistency, 
on account of the complex composition of different varieties 
of coal-tar. Boiling eliminates any excess of volatile matter, 
and gives the required degree of tenacity. Three hours* 
boiling should generally be sufficient to eliminate water and 
the lighter oils, and the heating should never be carried far 
enofugh to produce a brittle residue. Inferior tar is improved 
by the addition of a little pitch. When a proper consistency 
has been arrived at the tar should spread easily and 
thoroughly over the limestone, if this is thoroughly dry, 
which can be ensured by heating the latter, taking care to 
avoid such a temperature as would scorch the tar. Instead 
of boiling the tar it is sometimes customary to store it in a 
tank for some months to allow the water and volatile oils to 
escape, or come to the surface. In this case the tar should 
be drawn from the bottom. 

The advantages of asphalt pavements are numerous. 
They are absolutely impermeable, and their durability is 
increased by their elasticity and gradual compression. 
This compression goes on for at least two years after it is 
laid, and during this time the actual wear at the surface is 
almost nil. For quickness of laying and ease of traction it 
is scarcely excelled, and it possesses freedom from both 
noise and dirt. As regards foothold, it is not so satisfactory, 
being inclined to slipperiness when damp, and rendering the 
stoppage and starting of heavy traffic difficult. It is also 
quite unsuited for gradients higher than i in 60. 

The peculiar sensitiveness of asphalt pavements to 
extremes of temperature is against their use in many 
countries, and may account for the fact that in the 
United States, where there is often an annual range of 
more than 100 dcg. in temperature, this form of pave- 
ment is not held in so much esteem as in France and 
England. Its tendency to slipperiness when damp, also, 
must be considered in localities where the climatic con- 
ditions are abnormally humid. It is much more suitable 
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for the dry climates of Berlin or Paris than for the 
damp atmospheric conditions of many towns in the British 
Islands. 

Some of the above-mentioned objections to the use of 
asphalt seem likely to be more' or less overcome by the 
manufacture of asphalt blocks, of which several varieties 
are being made in America, as well as in this country. It 
is claimed that these blocks are as silent as wood, more 
durable, and do not soften in the sun. It is certain that 
they are not so slippery, and from a sanitary point of view, 
they are quite as good as compressed asphalt. 
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CHAPTER X. 

iVooD. — Varieties of Wood. — Selection of IVodd 
Blocks. — Wood as Pairing Material, — Preserva- 
tion' OF Wood, — Betiiell^s Process. — BouLTorfs 
Process, 

Wood. — No account of road-materials would be complete 
without some reference being made to wood, the use of 
which is rapidly increasing for town pavements, chiefly on 
account of its freedom from noise and from the excessive 
slipperiness of asphalt. Wood has, indeed, been in use for 
at least fifty years in the metropolis ; but it is only in com- 
paratively recent years that more extended knowledge of '\i\ 
behaviour and the conditions of wear of various kinds of 
timber have enabled a proper selection to be made of 
suitable varieties for this purpose. 

All woods adapted for paving blocks belong to the class 
known to botanists as exogens, or outward growers; by 
which it is meant that the timber increases annually in 
growth by the deposition of successive layers of woody 
tissue on the outside, just beneath the bark. The bark 
likewise thickens on the underside at the same time. To 
understand properly the causes of the difference in woods it 
is necessary to sketch briefly the mode of growth of an 
ordinary exogenous tree. The primary element of all plants 
is the cell, which in its normal form is a more or less 
globular sac composed of cellulose arid filled with a 
protoplasmic fluid. By the increase and union of these 
cells, cellular tissue or parenchyma is formed, in the midst 
of which hollow spaces termed lacunae are often developed. 
Communication between the cells is freely carried on by the 
passage of fluid through the thin cell- walls. By continual 
growth the cells gradually elongate, the walls become 
thickened by deposition of lignine, and the cell itself tends 
to become filled up so that the passage of fluid is no longer 
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possible. Thus woody or ligneous tissue is formed. Rows 
of cells also unite into continuous tubes by the absorption 
of the intervening cell-walls, forming vessels^ which by their 
union assist in forming woody bundles. Since these 
changes are developed by age and the newer cells are 
always formed on the outside of the tree stem, it follows 
that the cells nearest the centf6 ofthe stem ^re'the oldest 
and most completely converted irtto woody ^iss^e.^^'-IRw^s we 
distinguish two distinct parts in timber, \\it duramen or 
heart-wood, consisting of the hardened layers in the centre, 
and the alburnum or sap-wood, the softer wood near the 
margin, in which the ceM-walls are still only partially 
thickened by lignine. > ' : -^^ '^'^ '-^^ » '< - ' 

A transverse section of a tree stem will generally show 
these parts clearly, owing to a difference in the appearance 
of the older and more indurated heart-wood. If wood 
is felled at too young an age, it will be deficient in 
heart-wood; and if too old, the heart-wood will begin to 
show traces of decay. 

The quality of wood is also influenced by the rapidity of 
its formation, as indicated by the rings of growth visible on 
a cut section. These annual layers are most distinct in 
trees which have grown in temperate climates, where there 
has been a period of repose in winter. A cold, inclement 
summer will leave its record in a narrower ring of growth. 
Soft- wooded trees grow most rapidly; while closeness of the 
rings indicates slow growth, and is a sign of strength. For 
this reason the more northern pines are more compact than 
those which have grown farther south in warmer climates. 
The rings of growth are traversed by lines of cells radiating 
from the pith, termed medullary rays. These are the last to 
become hardened by the development of lignine, and 
maintain a connection between the pith and the bark during 
growth. They are scarcely visible in the conifers, in which 
they consist of only one row of cells; but are more con- 
spicuous in some of the harder woods. We have said that 
the passage from the soft cellular tissue to the harder woody 
tissue is marked by an elongation of the cells and the 
deposition of lignine upon their walls. This change results 
in the formation of long spindle-shaped pointed cells,- the 
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pointed ends of which insert themselves between the cells 
of the same kind lying above and below them. Thus is 
produced the fibrous structure of wood upon which its 
strength chiefly depends. The disposition of these fibres 
forms the grain of the wood, whrch usually runs parallel 
with the axis of the stem. 

Varieties of Wood. — If we -examine carefully the 
causes of the difference in the woods of various trees, we find 
them to be due to the following structural peculiarities : — 

T. The existence of vessels, which by their union form 
vascular bundles. In the conifers these are absent, 
but in most hard woods they occur and sometimes 
form conspicuous pores in woods of coarse grain. 
2. The disposition, length, and size of the medullary 
rays, which in some woods form what carpenters 
csM the st'/ver grain. 

: 3. The presence of cells pr lacunae containing resin, 
occurring abundantly in most conifers. - . 

. 4,; The presence of a woody parenchyma contaiiiihg 
starch or analogous products. 

The hardness and weight of woods depend upon the 
structiire and development of the tissues, the induration of 
the cells, the number of vessels, and the presence of woody 
parenchyma. In the soft woods, of which pine and deal 
are examples, there are not only a large number of resinous 
lacunae, but each ring of growth consists of two portions, 
one being hard and dark, while the other remains soft and 
light-coloured. 

Many different kinds of wood have been used for paving- 
blocks^ amongst which the soft woods are chiefly represented 
by Baltic firs of various descriptions, such as Swedish yellow 
deal, Wyborg red deal, Meiiiel fir, Norway spftiCe fir: 
French pine from the Landes, and pitch pine from Florida 
have also been used, the last-named being considered by 
some to be especially durable. In America, cedar has been 
largely used, and in the^ Sbiitherh States the cypress, juniper, 
Cottonwood,' and mesqiilte. ' 

The harc^vwoojis, like the^ hardef varieties' of stone, are 
mbre' slippery, e%ecialfy when wet. Oak and beech have 

G 2 
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been tried as well as elm, but the latter is not durable. 
Teak from Java, bois de fer from Borneo, and lime from 
Annam have been used in France ; but at the present time 
the Australian blue-gums, jarrah and karri are considered 
most suitable, not only on account of their durability under 
natural conditions, without any soaking in creosote or other 
solutions, but also on account of their closeness of grain 
and small absorptive tendency. This latter property is not 
only important on sanitary grounds, but also on account of 
the smaller amount of expansion which the blocks undergo 
when wet. 

Selection of Wood Blocks.—In the selection of 
paving-blocks care should be exercised. It is not considered 
necessary that the wood should be seasoned, a little " life " 
being considered advantageous. It should be close-grained 
and as homogeneous as possible to secure even and uniform 
wear. All sapwood should be removed, and blocks with 
imperfections, such as shakes and knots, should be rejected. 

In shape the blocks should be rectangular. In the 
United States cylindrical cedar blocks have been extensively 
used, whole sections of the tree stem, with the sapwood 
cut off, being preferred, on account of the tendency of the 
wood to split when cut to rectangular shapes. Hexagonal 
shapes have also been used in the form of truncated 
hexagonal pyramids, the top section being slightly smaller 
than the base. In this country rectangular blocks are 
preferred. In length they may be from 8 to 12 in., and 
m width from 3 to 5 in. The narrow blocks are better, 
giving better foothold when damp, and retaining a more 
even surface under wear. As regards the depth of blocks, 
the present tendency is to make this considerably less 
than was the practice formerly. This is more especially 
the case with the Australian hard woods. It is contended 
that the foundation of a road carries the traffic, and that 
the superficial covering merely acts as a skjn to preserve it. 
Wood blocks must be renewed when worn to the depth of 
2 in. or 2|in., and to lay down blocks 8 in. in depth 
represents simply a waste of material. A depth of 5 in. is 
enough for most woods, and in the case of karri or jarrah 
even 3 J in. may be enough. The blocks should in all 
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cases be cut so that they can be laid with the fibre quite 
vertical. The importance of this point has been demon- 
strated by experiment, in which the following results were 
obtained : — 

Angle of Inclination Amount of 

of the Fibre. Wear. 

Vertical fibre ... ... ... ... '125 inch 

75 ^cg '147 „ 

V w •» ••• ••• ••• *•• X O £ • I 

45 J' ''• ••■ "• ••• 25^ >» 

30 }) • • • • . . • . •  • . 3 ^^ »> 

1^ ., ... ... ... ... 375 >> 

Horizontal fibre ... .. ... ... '500 ,, 

The reason for this is obvious from what has already been 
stated as to the manner of growth of the woody tissue, the 
elongated fusiform cells interlacing in the direction of the 
grain, so as to give the greatest resistance to transverse 
stresses on the tree stem. 

Wood as Paving Material.-;- Wood has many ad- 
vantages as a paving material. It is more noiseless and 
safer than asphalte or granite, and although traction is not 
so easy it gives better foothold. It also possesses the 
advantage of inflicting less injury to a fallen horse, and 
affords greater facility in rising again. It possesses also 
considerable elasticity, causing less wear and tear of vehicles, 
and is pleasant to travel upon. It may be used even on 
moderately high gradients, such as i in 20, and its first cost 
is less than stone of the better class. It is easily repaired, 
and has a good appearance. 

On the other hand, its absorptive power, especially when 
the soft woods are used, is, from a sanitary point of view, 
a great disadvantage. Saturation with street refuse, and 
the adherence of. dirt, which is not readily removed by 
cleansing, is liable to produce smell and propagate disease. 
This evil is, of course, diminished by the use of harder 
woods, or by creosoting the softer kinds. Wood is also 
very susceptible to the influence of water. It not only 
expands, but also becomes slippery when wet. Expansion 
is greatest in soft woods, and may amount to 1^ in. in 8 ft, 
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This property gave considerable trouble in the early wood 
pavements, the expansion causing damage to kerbs, lamp- 
posts^ and gullies. 

Preservation of Wood. — Natural decay takes place 
in wood from various causes, amongst which may be 
mentioned the action of absorbed water, fermentation of 
the albumenoids of the sap, and the attacks of insects. 
Even in the growing tree wet rot may result from saturation 
by rain, causing putrefactive fermentation of the substance 
of the wood. Dry rot, on the other hand, is caused by the 
growth of a fungus, which gradually eats its way into the 
wood, reducing the fibres to powder and thereby destroy- 
ing its cohesion. Dry rot is caused by exposure to warm, 
damp, stagnant air, and often exists in an incipient stage in 
imported timber, owing to insufficient ventilation when 
stacked improperly. Several methods have beea devised 
to prevent the decay of wood from these causes. These 
coiisist in impregnating the wood with creosote <jr with 
various metallic salts. , There is considerable difference of 
opinion as to the value of creosoting as a preservative. 
Some maintain that the life of the timber is materially 
increased thereby, inasmuch as the creosote coagulates the 
albumen of the wood, and thus arrests the tendency to 
fermentation and decay ; at the same time, the heavier 
portions of the creosote fill up the pores of the wood, and 
thus diminish its permeability. Insects and fungi are also 
destroyed by it, and incipient dry rot is thus arrested. 
There is no doubt that the efficiency of creosote as a pre- 
servative is determined partly by its composition and partly 
by the manner in which it is applied. 

Creosote is derived both from wood tar und from coal 
tar, the latter alone being used for the treatment of timber 
on a large scale. * Cosd tar creosote differs in composition 
with this nature of the coal from which it is derived. The 
I-,ondon make of creosote, obtained from the gas tar from 
Newcastle coal, is rich in heavy oils, being highly charged 
with naphthalene, and is often viscid or even semi-solid at 
ordinary temperatures. Coals from the Midlands furnish a 
creosote which is lighter and has a larger proportion of 
volatile matter, This is known ?^s Midland or " coiintry 
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creosote." Scotch creosote, derived from cannel coals, is 
still thinner and more volatile, being often lighter than 
water, the specific gravity of the heavy London oil being 
sometimes as high as I'lo. Bone oils and mineral oils, 
occasionally used in the place of coal tar creosote, have no 
antiseptic value ; and the addition of crude tar to creosote 
oils is injurious, not only on account of the large proportion 
of light volatile oils in the tar,, but also on account of the 
presence of pitch, which clogs the pores and prevents the 
penetration of the creosote into the fibres of the wood. On 
no account should creosote contain any traces of ammoniacal 
liquor, which acts as a solvent upon ligno-^ellulose and 
destroys the woody tissue. 

With regard to the kind of creosote most suitable for the 
antiseptic treatment of timber,- the heavy London make is 
usually preferred ; for although the lighter *' country " oils 
contain more carbolic and cresylic acids, it is held that 
these have no- permanent value on account of their volatility 
and solubility, as, well as owing to the fact that these 
acids do not form any permanent combination either with 
albumen or with woody tissue. The heavy creosote oil 
contains a larger proportion of the basic bodies, of which 
acridine and naphthalene play an important part in the 
preservation of the wood, and some of which become solid 
within the pores after the creosote has cooled to the 
temperature of the air. The solidification of naphthalene 
may be observed in the glistening scales usually to be seen 
on wood after creosoting. Dr. Tidey's specification for 
creosote is now generally adopted. It provides ^i) that the 
creosote diould be entirely liquid at loa deg. F., no 
deposition taking place until the temperature falls below 
95 deg. F. ; (2) that not less than 25 per cent, should 
remain undistilled at a temperature of 600 deg. F. ; (3) that 
8 per cent, of tar acids should be present. 

Bethell's Process* — So much for the nature of the 
creosote. We have now to see how it should be applied. 
It is obviously impossible for wood to absorb the oil if its 
pores are already .filled with air or moisture. In Betheirs 
process the wood is placed in an air-tight cylinder which is 
then exhausted by an air-pump until the pressure is not 
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more than J or ^ of an atmosphere. Creosote oil is then 
admitted at a temperature of 120 deg. F., and forced into 
the pores by a pressure pump, the air having been with- 
drawn from the wood in consequence of the partial vacuum 
produced by the air-pumps. 

This process is not suitable for fresh cut timber containing 
moisture in the form of sap, which would thus be imprisoned 
within the wood. Blythe's process, which has been largely 
adopted in France, is an attempt to overcome the difficulty 
of the presence of moisture in the wood by forcing in the 
creosote by means of a steam injector, whereby the oil is 
partly vaporised. The objection to this process is that 
creosote cannot be completely vaporised except at a 
temperature which would be injurious to the wood. It is 
usual, therefore, to supplement the action of the steam by 
the subsequent injection of liquid creosote as in Beihells 
process. 

Boulton's Process. — The most effective way of dealing 
with the moisture in wood is by Boulton's process, in which 
the creosote is raised to ihe temperature of about 220 deg. 
F. before injection by the pressure pump, as in Belhell's 
process. The heat of the oil thus vaporises the moisture in 
the wood and enables the exhaust pump to withdraw it 
completely. This method is superior to those described 
above for young timber containing much sap; for to subject 
such wood to the creosoting process without withdrawing 
the moisture would seriously impair its durability, owing to 
the sealing up of the pores near the surface. 

The open tank process of creosoting is useless. If the 
process is not continued for some weeks, and the oil kept 
at a high temperature, merely soaking the timber only 
results in a very limited penetration. 

The amount of creosote which can be absorbed by wood 
varies with its age and quality. Sapwood is more absorptive 
than htartwood, and soft woods can lake up more than 
those oi a harder description. Fir absorbs from 10 lbs. to 
12 lbs, per cubic foot,. beech takes up 24 lbs., red pine 15 
lbs., but oak not more than 6 lbs. It is stated that sap-wood, 
wnen thoroughly saturated with creosote, is more durable 
than heart-wQod which h^s not been subjected to thjs 
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process, in which case the removal of the sap-wood is not 
advisable in creosoted timber. It is contended, on the other 
hand, that, although creosoting may prevent natural decay, 
it does not affect the wearing qualities of the wood. When 
used for pavements all wood is liable to wear before natural 
decay sets in, especially under heavy traffic. With lighter 
traffic the case may be otherwise, and the use of a preser- 
vative more economical. It is simply a question of the 
extra cost of creosoting or a more frequent renewal of the 
pavement. In any case it is only the soft woods that need 
be subjected to this treatment. 

Timber should be properly inspected before creosoting. 
Its quality and the presence of defects are not so readily 
seen afterwards. The thorough penetration of the creosote 
should be ascertained by cutting a few blocks in half. 
There are other methods of preserving wood, but for paving 
blocks these are not considered advantageous. In principle, 
they consist in impregnating the wood with various metallic 
solutions, such as the soluble salts of mercury, copper, zinc, 
or iron. 
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CHAPTER XI. 

Selection of Road Material, — Hand and Machine- 
Broken Stone, — Road Stone Tests. — Specific 
Gravity. — Absorptive Power, — Abrasive Re- 
sistance, — Cementation Test, — Weathering 
Tests, — Percussion Tests, — Compressive 
Strength. — Chemical Analysis, — • Miner a- 
LOGiCAL Composition, — Observations of Actual 
Wear, 

Selection of Road Material— In the selection of 
the most suitable material for road-making many things must 
be taken into consideration. In the first place, the choice 
will be regulated by the particular requirements in each case. 
A main road subjected to heavy traffic will need a different 
treatment from one used only for light traffic. A paved 
road will require different material from a macadamised 
road. The construction of a new road will not be treated 
in the same way as the maintenance of an old one. Selection 
will also be to some extent regulated by the gradients 
which may be encountered. Thus asphalt would be quite 
unsuitable for a gradient steeper than i in 60 ; wood is 
unsafe for gradients higher than i in 27 ; brick for steeper 
slopes than i in 1 7 ; while stone may be used for a rise of 
I in 10, or even steeper if selected with a view to securing 
the maximum efficiency as regards foothold, In many 
cases, also, the choice of material is regulated by the 
resources of the locality, the extra cost of transport prevent- 
ing the employment of any material except Jocal stone. It 
does not, however, always follow that local stone is the 
cheaper. The extra cost of maintenance, when an inferior 
stone is used, often more than outweighs the expense incurred 
in transporting a better material from a distance. At other 
times questions of cost are immaterial in comparison with the 
necessity of obtaining the very best road material which can 
be procured, It is then that the difficulty pf selection is 
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experienced, the differences between stones of the highest 
class being often very small. Sometimes it may be desired 
to select a stone to supplement local material, in which case 
the character of the latter must be considered. To mix a 
hard material with a softer stone, such, for example, as slag 
with limestone, would obviously result in uneven wear and 
a rough surface. When such a mixture cannot be avoided 
in the construction or repair of macadamised roads, the evil 
may be diminished by putting on the materials separately in 
layers, the harder material being placed on the top of the 
softer. 

Still another point in the selection of stone is the question 
of appearance. In districts frequented by pleasure traffic 
this consideration is of some importance, but in the large 
centres of business activity everything is sacrificed to utility. 

Hand and Machine-Broken Stone. — Macadam is 

supplied broken to the required size, either by hand or by 
machinery. Many road surveyors prefer hand-broken stone, 
maintaining that the use of a stone-breaking machine is 
liable to produce crushed, starred, rounded and flaky 
metalling. On this point, however, opinions differ. There 
is no doubt that a certain amount of crushing takes place 
in the jaws of a stone-breaking machine which may reduce 
the durability of the stone, especially those of the softer 
kinds such as mountain limestone. Machine-broken stone, 
also, is not so cubical in form nor so uniform in size as 
when broken by hand. Instead of exhibiting a clean, sharp 
fracture, it is often flaky, rounded, and perhaps cracked by 
the pressure exerted upon it in the machine. These 
defects, however, can be reduced to a minimum by the 
selection of a suitable machine. If the stone is broken 
after delivery the waste produced by the production of dust 
and grit must be taken into consideration. As much as 
20 per cent, may, in this way, be rendered too small for use 
as macadam, and can only be utilised as binding material, 
or for footpaths. On the other hand, there are some stones 
which are so hard and so wanting in any natural rift that 
they can only be broken economically by a machine. This 
is notably the case with the Bardon Hill stone. Many 
other stonQs however can be obtained either machine 
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broken or hand broken, according lo taste. It must also 
be remembered that machine-broken stone is only about 
one- half the cost of the same material broken by hand. 

Road Stone Tests. — It is the practice of quarry owners 
to give the results of certain physical tests to which their 
stone has been subjected in order to determine its power of 
resistance to the different chemical and mechanical forces 
prevailing in a road. Although many road engineers are 
inclined to ignore altogether the value of such tests, it is 
necessary that a certain amount of space should now be 
devoted to their discussion, in order that their true 
significance may be realised and the extent to which they 
may be relied upon duly appreciated. This practice of 
submitting samples of stone to artificial estimations of their 
strength and durability is growing, and there is no doubt 
that, to a certain extent, these results are useful in the 
determination of the comparative value of different classes 
of road metal. Where such tests have been proved to 
disagree with experience of their actual behaviour in practice, 
the discrepancy must be ascribed to the imperfect methods 
adopted in applying them, and to the want of care exercised 
in making the tests truly comparative. In the first place, 
it will be useful to tabulate the various tests to which road 
stone is usually subjected, which are as follow : — 

1. Specific gravity. 

2. Absorptive power. 

3. Abrasive resistance. 

4. Weathering tests. 

5. Percussion tests. 

6. Compressive strength. 

7. Chemical analysis. 

8. Mineralogical analysis. 

9. Observations under actual wear. 

The last-named test can scarcely be called physical in the 
ordinary sense ; but observations and comparisons of actual 
wear, when properly and scientifically made, are truly 
experimental, and are amongst the most useful tests to 
which road-stone can be submitted. We will now proceec} 
to the consideration of th^se tests in turn. 
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Specific Gravity. — It is useful to know the weight of 
road stone for two reasons. In the first place it may serve 
to some extent as an index to its durability, and, secondly, 
it is a means of estimating covering power. The weight of 
stone is sometimes expressed by stating the number of cubic 
feet in a ton of the substance, but this method is not so 
generally useful as the statement of its specific gravity, 
which is readily determined from a small sample, whatever 
may be its size and shape, without the aid of a delicate and 
expensive weighing apparatus. 

Specific gravity is best estimated by a simple instru- 
ment known as .Walker's balance, the essential features 
of which are shown in fig. lo. A is a steel bar which is 
supported in the rest B by a knife-edge, placed about 




Fic. 10. 
Walker's Specific Gravity Balance. 

3 in. from one end. The rest of the bar, about i8 in. 
in lengthy is graduated into tenths of inches starting from 
the point of support. The short arm carries the weight C, 
which can be placed at any convenient distance from the 
fulcrum. The long arm passes through a looped upright D, 
which not only serves to check undue swinging, but also by 
a mark to indicate the horizontal position obtained when 
the weight C is exactly counterbalanced by the sample to be 
tested, suspended as at a. When a correct balance is 
attained the distance of a from the fulcrum is read off on 
the graduated bar. Without moving the weight C, the 
sample is now immersed in a glass of water, taking 
care that the immersion is complete and that no air 
bubbles remain hanging to it. The specimen, being now 
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lighter, must be moved farther along the beam to restore 
equilibrium. Let the new position be h. Then by the 
principle of the lever the distances a and b are inversely 
proportional to the weights of the substance in air and in 
water respectively. Now the specific gravity, G, is the 
weight of the sample in air, divided by the difference of the 
weights in air and water. Hence it is obvious that 



G = 



b 



b-a 

Since the results obtained by this simple means are 
correct to the iirst decimal place, and often even to the 
second place, the determination of specific gravity is thus 
readily made. 

Specific gravity depends upon the mineralogical com- 
position and compactness of a rock ; but a high specific 
gravity does not necessarily imply superiority for road- 
making purposes. For example, a piece of clay slate would 
be found to possess a higher specific gravity than a piiirce of 
flint, but the former is perfectly useless as a road metaJ. It 
has already been shown that the igneous rocks show a 
higher specific gravity in proportion as their basicity in- 
creases — that is to «ity, as their silica percentage din»ia3sh€«. 
In general, the crushing strength of road stone increases 
with its specific gravity, as may be inferred from a con- 
sideration of the following specific, gravities of some well- 
known materials . — 

Specific Gravity. 



Penlee stone 
Guernsey syenite ;. 
Whinstone ... .! 
Clee Hills basalt .. 
Penmaenmawr stone 
Mount Sorrel granite 
Mountain limestone 
Cherbourg quartzite 
Pennant grit 
Haftshill quartzite... 
ICentisK rag.!:. ^"/^ 



»J • 



3*02 
291 
2*9 

2-BS^' 

27 " 
2-69 
3-68 
2*68 

2-63 
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The above values must not, however, be taken as absolute. 
To obtain correct average values it would be necessary ta 
make a" large number of determinations of different samples 
of each stone. » - 

Let us now see how farspccific gravity influences the 
covering power of macadam. 

Knowing its specific 'gravity it is easy to calculate Ijhe 

number of cubic feet in a ton of road stone. Taking ihe 

weight of /.water as i,ooo ozs. per cubic foot, the number of 

cubic feet in a ton of stone having a specific gravity of 

2 '9 IS ^'' 2,240 X i6- "'^ - 

~-^—^ — --^-^ — orii-Q. 
J, 060 X 2.9 

Now broken stone occupies more space than the same 
material in the solid state. It has been estimated that 
stone broken to i^ in. has 51 per cent, of interstitial vacant 
space and 49 per cent, of solid material. Similarlyj>>if 
broken to ajin.^ tliere is 41 per cent, of vacant space arid 
59 per cent, of solid. If the size is not uniform — that is, 
if stone is broken to large and small pieces — there is more 
solid and less void, while, if beaten down, the proportion 
of solid also increases. We may take 55 per cent, as the 
average proportion of solid stone in broken macadam, in 
which case the weight of a cubic yard will be the weight 
of the stone in pounds per cubic foot x 27 x -55 ; that is 
to say, it will be equal to 

.. specific gravity x 1,000 
—75  X 27 X -55 

The average quantity of macadam required per annum 
the repair of roads may be roughly taken as 100 cubic yards 
per mile, although this quantity varies within very con- 
siderable limits in special cases. But if we take into 
consideration the specific gravity of the stone, we shall find 
that whereas 100 cubic yards of basalt, having a specific 
gravity of 2*99, will weigh 124 tons, the same quantity of 
a sandstone, with a specific gravity of 2*4, will only weigh 
92 tons. That is to say, 92 tons of sandstone will be equal 
in covering power to 124 tons of basalt. 

Thus, generally speaking, the heavier stone will be the 
more expensive. 
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These figures are given for the purpose of illustrating the 
influence of even small differences in specific gravity when 
large quantities of material are in question. Specific 
gravity, therefore, assumes considerable importance in the 
matter of selection of road material. 

There is also another way in which specific gravity may 
become a matter of some importance. The finer detritus 
is liable to be removed from a road surface by the action 
of rain or wind, and the lighter particles are more easily 
removed than those of greater weight. A high specific 
gravity, therefore, tends to diminish the removal of the 
smaller particles, which may thus remain to increase the 
binding properties of the road surface. 

Absorptive Power. — Few of the properties of road 
stone are of greater importance than the capacity which it 
has for absorbing moisture. Just as the specific gravity of 
a rock is influenced by the compactness of its texture, so its 
absorptive power is also dependent upon the amount of 
interstitial space between the mineral grains, and is, there- 
fore, a guide to the closeness of their aggregation. The 
behaviour of the stone on weathering is also influenced by 
its absorbent qualities. The expansion of water on freezing 
renders porous stones especially liable to disintegration by 
frost. Frost expands the moisture not only in the crust of 
a macadamised road, but also in the materials themselves, 
and it is shown by experience that where hard impervious 
road metal is used frost does far less damage than where the 
more permeable limestones are employed. Natural flag- 
stones are especially liable to flake or laminate during frosts. 
This property is, in fact, taken advantage of in working 
certain fissile limestones, the rough slabs being exposed to 
a winter's frost at the quarry before splitting. The Caithness 
flags, on account of their more impervious nature, are found 
to suffer less from lamination than the more absorbent flags 
of Yorkshire. There is another point as regards absorptive 
power which should not be lost sight of, that is, its influence 
on public health. In these days of advanced sanitation a 
considerable amount of attention has been given to the 
question of the propagation of diseases by street refuse. 
The ahsftrptive powers of wood pavements are for this reason 
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considered as one of the greatest objections to the use of 
wood for town streets. 

Lastly, there is a certain connection between absorptive 
power and the crushing resistance of a rock. This would 
follow naturally from the relationship which has already 
been shown to exist between absorptive power and compact- 
ness of texture. If we arrange a series of rocks in the order 
of their absorptive power, this same order will give also their 
compiirative resistance to crushing with an accuracy which 
for practical purposes may be often useful in forming a rough 
idea of the value of any particular stone. 

The absorptive powers of stone vary within wide limits. 
The igneous rocks are the least absorbent, and the lime^ 
stones show the highest tendency to' imbibe moisture. The 
following are some results of experiments on stones of 
different kinds: — 

Granites absorb from -8 to 'i per cent, of their weight. 
Basalts average about '3 per cent, of their weight. 
Sandstones vary from 8-5 to 27 per cent, of their 

weight. 
Limestones vary from 4 to 1 2 per cent, of their weight. 

The average absorption of sandstone is about 5 per cent. 
Good bricks should not absorb more than 7 per cent., 
but many inferior bricks show results as high as 16 per 
cent. Fire bricks average about 9 per cent., while highly 
vitrified bricks may have as low an absorption as 2 '3 pej 
cent. 

These results are given merely for the purpose of affording 
a general idea of the limits between which stones may be 
expected to vary in this respect, it being always remembered 
that a high absorptive power indicates an inferior stone as 
far as road material is concerned. 

It is not necessary to use a delicate balance in the estima- 
tion of the proportion which the absorbed water bears to the 
weight of the sample of stone. This can be determined with 
sufficient accuracy by means of Walker's balance described 
on page 97. The sample is first balanced by the counterpoise 
in any convenient position : let this position be represented 
by a divisions of the scale. It is now soaked in water 

H 
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for twenty-four hours, then removed, and the superficial 
moisture wiped off. Being now heavier, it will balance 
nearer the fulcrum, at a position represented by b divisions 
of the scale. If x is the unknown weight of the sample and 
c the weight of absorbed water, we have, by the principle of 

X I) /* a. J) 

the lever, =— ; whence — = — - — ; that is, the fraction 

x->cc a X 

^7  g^ves the ratio of the weight of absorbed water to the 
b 

weight of the substance. The percentage absorption is 

represented by multiplying this fraction by loo. Thus in a 

special case it was found that the fraction _ Z— =_ nearly, 
• , b 20 

which corresponds with an absorption of 5 per cent., this 
result being arrived at without knowing the weight of the 
stone either before or after immersion. 

These two properties of a rock, viz., specific gravity and 
absorptive power, can, therefore, l3e readily determined by 
means of the same simple apparatus. 

Abrasive Resistance. — It has already been shown 

that the mechanical disintegration of road stone may be 
caused by the expansive force of frozen water. A more 
important cause of the wear of roads, however, is the 
constant abrasion produced by the effect of traffic, and the 
value of anyroad material must be largely determined by 
the resistance which it offers to this influence. Resistance 
to abrasion and percussive attrition depends upon the 
toughness of the material, and hot upon its hardness. 
Rocks w^hich yield easily to this form of disintegration 
produce "roads which are muddy in wet and dusty in dry 
weather. Before discussing the results of the experimental 
tests which have been designed to imitate the effects of 
traffic, it is necessary to mention one fact which considerably 
diminishes their practical value. The samples submitted 
to these tests have always been taken fresh from the quarry, 
before the natural cohesion oif the rock has been weakened 
by the chemical actions to which it is subjected in an 
ordinary road. The constant soaking in solutions of 
decomposing organic matter to which road metal is exposed. 
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as has been already explained, produces a more or less 
rapid effect in weakening the cohesive strength by which 
the mineral components are held together ; so that abrasive 
tests applied to freshly quarried road material cannot be 
taken as a trustworthy guide to the behaviour of that 
material after it has been in use for some months. 

A considerable "amount of skill and ingenuity has been 
expended in the endeavour to reproduce artificially the 
mechanical influences brought into play by ordinary road 
traflSc. This is a matter of some difficulty, and it cannot 
be said that any of the methods hitherto adopted are 
altogether satisfactory. Perhaps the most useful is the 
rotary testing machine designed by Mr. T. de Courcy 
Meade, and used by Mr. Lovegrove in a series of compa- 
rative tests of considerable interest and value. This 
machine consists of three cylinders, having an internal 
diameter of ii^in., on the inside of each of which are 
riveted three iron ribs, having a square section of i in., 
and placed lengthwise on the circumference. The cylinders 
are made to revolve at a speed of twenty revolutions per 
minute by means of a gas engine. 

. In performing the test, a certain weight, say 4 lbs., of 
broken stone is placed in the cylinders and subjected to 
8,000 revolutions, after which the stones are again weighed, 
as well as the chips and dust produced by their attrition. 
The same test is performed both dry and wet. For the 
latter purpose about half a gallon of water is put into each 
cylinder with the stones. The quantity of dust produced, 
as well as the size and shape of the chips, vary with the 
nature of the stone employed in each test We gi^e here 
the details of some of Mr. Lovegrove's exhaustive ex- 
periments, which will be found to afford much interesting 
information on the great variability in road stones with 
respect to their power of resisting abrasion. More in- 
structive still are the comparative tests carried out for Mr. 
Thos Aitken, upon samples of stone possessing extremes 
of hardness and toughness. ^ 

With reference to these latter tests Mr. Aitken points 
out that the peculiar superiority shown by the Lindifferon 
stone, when subjected to the wet test, corresponds .with his 

H 2 
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experience of this stone in practical use. This stone was 
found to be an excellent material for surface repairs in 
damp or shady places. 

Professor Elliott's Experiments.— Professor Elliott 
uses a machine which is in reality a " tumbler " of special 
design, in which the stone to be tested is placed, together 
with a number of small cast-iron blocks. The barrel and 
its contents are then rotated at a speed of 15 turns per 
minute for a total of 3,600 revolutions. The loss of weight 
by attrition is then ascertained by weighing, which gives the 
comparative mud-producing properties of the stone. 





Dust or dry 


Average 


Absorp- 
tion, per 
cent. 


MATERIAL. 


mud produced 
in 4 hours' test, 


compressive 
strength, tons 


' 


per cent. 


per sq. in. 


^^*» ft J ft • 


. Basalt, C 


5-8 


1 2 '.45 


Trace. 


Basalt, A 


5*9 


9*35 




Basalt, B 


6-5 


1 2 02 




CleeHiU "granite" 


7-0 


5*49 




Penlee stone (basalt) 


7-2 


5 '54 




Clee Hill Dhu stone (basalt) 


7 9 


9 '45 




Wicklow granite 


8-0 


6*41 




Guernsey granite 


9*3 


7*99 




Aberdeen granite 


157 


•^■^ 




Red brick (hard) 


16-9 


— 




Black iimestone, Mumbles . . . 


20 -o 


5.96 


>> 


Cornish granite . . . • 


22*1 






Road metal from Cardiff gaol 








store (Castell Coch) 


22*5 






Road metal from Cardiff gaol 








store (Ely) 


24*6 






Sweldon stone 


30*2 


3 '99 


87 


Cwymnofydd, Tongwynlais ... 


347 


309 


15-9 


Hard sandstone 


89-4 






Neat Poi tland cement 


89-5 


 





Generally speaking, we may conclude from these 
experiments : — 

I. That in general more abrasion takes place in the 
presence of water than in a dry state. An excep- 
tion to this rule appears to hold in the case of 
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quartzite and flints, which in many cases suffered 
less when wet than when dry. 

2. The igneous rocks, as might be expected, proved 

tougher than rocks of sedimentary origin. Their 
total, loss ranged between 3 and 10 per cent. The 
range of loss in limestone rocks varied between 
10 and 35 per cent., that of flints between 8 and 
26 per cent. The sandstones averaged 14 per 
cent, of loss, and slag only 8 per cent. 

3. The loss in the igneous rocks and slags wa& chiefly 

in the form of dust, but very few chips being 
produced. In the case of flints and limestones a 
large proportion of chips was obtained. This 
latter result is, no doubt, due to the brittle con- 
choidal fracture of flint, and, in the case of lime- 
stone, to the weakness of the calcite cleavage 
planes. Cherbourg quaitzite produced as much 
as 50 per cent, of its loss in the form of chips, and 
some gravel-pit flints gave even a higher result, 
nearly 60 per cent, of the loss being due to 
chips. The superior toughness of Hartshill 
quartzite, which, as has been already shown, 
does not possess the conchoidal fracture of flinty 
rocks, was made evident by the fact that its loss 
was in the form of dust alone, no chips being 
produced. 
In the above-mentioned tests in Mr. Lovegrove's machine 
the abrasion is produced partly by the fixed iron ribs and 
partly by the mutual friction of the stones amongst them- 
selves. In other forms of abrasion cylinders^ as in Professor 
Elliott's machine, pieces of iron are put in loose with the 
stones. This method, however, is obviously not so good, 
as a certain amount of iron dust must be produced by the 
mutual friction of the iron. 

. In a road the stone is more or less fixed during abra- 
sion. Tests with fixed stones are usually made by 
pressing them with a uniform pressure against a grind- 
stone, and noting the loss after a certain number of revolu- 
tions. This method was adopted many years ago by 
Mr. Walker in a series of comparative tests upon Guernsey, 
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Aberdeen, and Peterhead granites, but the test is now 
seldom used. 

The results of all such tests must be received with a 
certain amount of caution. They are not strictly compara- 
tive unless all the circumstances of size and shape are 
identical. An irregular fragment with sharp angles would 
not behave quite like the same material cut to a cubical 
shape. Neither can it be said that the conditions of road 
traffic are successfully imitated in any of these rotary 
machines. 

Deval's nmchine, which has been largely used on the 
Continent and in America, consists of an iron cylinder 8 in. 
in diameter and 13^ in. deep, mounted diagonally on a 
rotating axle. Eleven pounds weight of stone, broken to 
pass through a 2^ in. ring, are placed inside the cylinder, 
which is then closed and rotated at a speed of 30 revolutions 
per minute for a period of 5 hours. The contents, con- 
sisting of the abraded fragments of stone and all particles 
larger than yV in. are then again weighed, the difference 
representing the dust formed by abrasion. French engineers 
have found that the best rocks produce about 2 per cent, of 
dust, that is to say, about 20 grammes per kilogramme of 
rock. This number 20 they call the coefficient of wear. 
The coefficient of wear of other rocks can be found by the 

formula 

20 X 20 

where q is the coefficient of wear required, u is the weight 
of dust formed in grammes per kilogramme. Thus it is 
evident that the coefficient is inversely proportional to the 
amount of dust formed. 

Cetnentation Test. — In American laboratories con- 
siderable importance is attached to the determination of the 
binding power of the small detritus formed from the abra- 
sion of road material. To ascertain this, the dust formed 
in DevaFs or Lovegrove's machine, that is to say, all matter 
fine enough to pass through a sieve containing 100 meshes 
per square inch, is made into a briquette. If enough dust 
is not produced by the ordinary test, a piece of iron may be 
put into the cylinder to hasten the process. The dust is 
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mixed with water and compressed in a steel die under a 
pressure of i,ioo lbs. The size of the briquette thus made 
should be '98 in. in diameter with a thickness of the same 
amount. The briquette is laid aside for two weeks to dry, 
and its strength is then tested as follows : — A hammer 
weighing about 2 lb. is allowed to fall repeatedly upon it 
from a height of | in. until the briquette is broken. The 
exact point of fracture is determined by means of a small 
drum, carrying a paper on which a- pointer marks the 
passages of the hammer. At the beginning a rebounti of 
the hammer is indicated on the drum, but when once the 
elastic limit of the briquette is passed, this rebound no 
longer occurs. This point is taken as the breaking point of 
the briquette. 

Experiments with this machine, made, in America, have 
shown the following results : — 

T. Quartzites, granites, gneisses and marble possess 
very little cementing power, taking only two or 
three blows to break the briquette. 

2. Limestones and some trap rocks will give a briquette 

which will stand 30 or 40 blows. 

3. Other trap rocks give very variable results. 

It appears that the cemenlitious effect is due chiefly to 
oxide of iron or lime, and also to the small particles of 
clay formed by chemical disintegration of felspar. Rocks 
which are apparently equal in value as road stone 
show very different results by this test, the best stones 
having a cementitious value at least twice as high as the 
worst. 

In the Highway Division of the Maryland Survey the 
results of 160 tests made on different rocks are thus 
classified : — 

Coefficient Cementation 

of Wear. Test. 

Trap Rocks 57 — 261 i — 16 

Serpentines ... ... 58 — 21*2 10— 3C0 

Granites & Quartz Rocks 2*6 — 16*3 i — 13 

Limestones ... ... 4'8 — 16*8 i — 73 

Sandstones 5*5— 130 ^ — 28 
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Combining these tests it is concluded that — 

Coefficient of Wear. Cementation. 

Bad road metal may possess... i — 7 ... i — 4 

Fair „ ,, ... 7 — 12 ... 5—10 

Good „ „ ... 12 — 17 ... 10 — 20 

Excellent „ „ ... 17 — ... 20 — 

It sometimes happens, however, that these two tests give 
inverse results, in which case it must be remembered that 
for roads with heavy traffic wearing power is of greater 
importance than cementitious power, while light traffic 
requires a material which, while not so hard, is easily 
consolidated. Extreme climatic conditions also require a 
high cementing or binding power. 

Weathering Tests.— The liability of stone to dis- 
integrate by the action of frosts depends partly upon its 
porosity and absorptive power, and partly upon the presence 
of planes of weakness, such as the lamination planes of 
natural flagstones. Brard^s process was at one time em- 
ployed to imitate the effect of frost upon rocks. A weighed 
sample of the stone was soaked in a saturated solution of 
sulphate of soda (Glauber's salt), and then left to dry. The 
crystallisation of the salt in the pores of the stone was 
supposed to produce a mechanical force similar to that 
, exerted by the expansion of water on freezing. The loss 
by disintegration was estimated by again weighing the 
sample after the experiment. The process has not survived, 
since at the present day it is found easier to reproduce the 
actual result of frost by artificially freezing the sample after 
prolonged soaking in water, and determining the loss of 
weight after thawing and drying the stone. It is doubtful 
whether such tests are of much value except, perhaps, in 
the case of flagstones ; for stones which are sufficiently 
porous to disintegrate in this way would be quite unsuitable 
for use as road material. 

Percussion Tests. — The pounding influence upon a 
road resulting from the continued impact of horses' feet is 
one of the chief causes of the mechanical disintegration of 
road stone. This action is not reproduced in any of the 
attrition tests described above, but may be approximately 
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imitated by what is known as the drop testy in which tough- 
ness, is estimated by counting the number of blows by a 
hammer required to reduce the rock fragment to powder, 
The following results are amongst some obtained by Mr. 
Clark, of Truro, in his experiments on Cornish road stones. 
He used a 15-lb. hammer, having a drop of 10 in., on to an 
anvil on which was placed 3 lb. of the sample to be tested, 
broken to such a size as would pass in all directions through 
a 2\ in. ring. The blows were continued until all the stone 
was small enough to pass through a sieve having a ;J-in. 
mesh. 

Sample of Stone. No. of Blows, 

Quartz ... ... .... ... ... 265 

Quartz ... ... ... ... ... 295 

Devonian Sandstone 440 

Quartzite ... ... ... ... ... 451 

Scotch Whinstone ... ... 454 

Elvan... ... ... ... ... ... 639 

Clee Hills Basalt ... 724 

Elvan (Penzance) ... 894 

Greenstone ,, ... ... ... ... 909 

The principle of this method seems to be good, and for 
the purpose of testing macadam might prove extremely 
useful if sufficient care be taken to make the tests strictly 
comparative. It would be interesting to compare machine- 
broken and hand-broken samples of the same stoiie by this 
method; for any flaws and incipient cracks produced by 
crushing in a stone-breaking machine should render the 
stone more susceptible to blows from a hammer than hand- 
broken fragments would be. 

Compressive Strength.— If the importance of this 
factor of a stone is measured by the prominence given to it 
in quarry advertisements, its estimation will stand in the 
front rank of artificial road stone tests. It is usual, for the 
purpose of applying this t^st, to employ a hydraulic press, a 
cube of the stone to be tested being placed between the 
two flat dies of the press and the pressures noted at which 
the specimen is first cracked and afterwards completely 
crushed. At first sight this test would seem to possess the 
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advantages of not only giving definite numerical results, but 
also of affording a means of arriving with some degree of 
certainty at the comparative values of different classes of 
stone. In fact, however, nothing is more delusive. Experi- 
ments performed on the same kind of stone often give 
results which vary within very considerable limits, a dis- 
crepancy which is not to be overcome by the simple device 
of taking an average of several tests performed upon different 
samples of the same stone. 

The reasons for this variation in crushing-strength tests 
may be summed up as follows : — 

1. Variations due to inherent flaws in the samples. 

2. Small variations in mineralogical structure. 

3. Carelessness in the preparation of the cubes for 

testing. The small 6-in. cubes usually adopted 
for this test are not large enough except for fine- 
grained homogeneous rocks. With coarse-grained 
rocks, such, for example, as the porphyritic 
igneous rocks, correct results can not be ob- 
tained unless cubes of a much larger size are 
employed. 

In the preparation of the cubes it is almost impossible to 
avoid the production of minute cracks or flaws, which exert 
an important influence upon their compressive resistance. 
Small cubes are not a fair sample of a rock possessing local 
differences in structure, although it is maintained by some 
experimenters that the crushing strength of large blocks can 
be deduced by calculation from the results obtained with 
small cubes, since they hold that a definite ratio exists 
between them. Such a conclusion, however, is based upon 
purely theoretical grounds, and cannot be accepted as 
established fact. From what has already been said con- 
cerning the rift of granite, it is evident that the mere position 
of the cube in the press would affect the result in many 
cases. 

Then, again, with regard to the preparation of the cube 
for testing it must be remembered that the steel dies of the 
hydraulic press are themselves mathematically parallel to 
one another, or, at any rate, they should be so to produce 
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results of any value whatever. But if the faces of the cubes 
of stone are not also precisely parallel, the results of the 
tests must necessarily be vitiated, since the pressure, 
instead of being evenly distributed over the surface of the 
cube, would be exerted only on a part of it, causing an 
uneven strain which must tend to lower the crushing weight. 
An attempt is generally made to overcome any small want 
of parallelism in the faces of the cube by inserting some 
yielding substance, such as pitch-pine or thin sheets of lead, 
between the steel dies and the cube, a procedure which of 
itself must affect the result ; although some such device is 
absolutely essential, if the figures obtained are to be in any 
sense comparative, unless the cubes are perfectly and mathe- 
matically true. The utmost that can be said is that the 
introduction of a thin yielding sheet enables better results 
to be obtained. 

Again, freshly-cut cubes, if full of quarry water, will con- 
tract unequally in drying. All cubes should, therefore, be 
cut from perfectly dry samples of stone, and care should be 
taken that the specimens are as homogeneous as possible, 
and free from veins, concretions, or any other abnormal 
peculiarities. 

Stones when placed in a roadway, whether used for kerbs, 
setts, or macadam, are subjected to quite a different kind 
of stress to the gentle, uniform, vertical pressure of the 
hydraulic press. Lateral stresses also come into force, and 
frequently with such a suddenness of impact as only stones 
of exceptional toughness can withstand. 

The obvious conclusion, therefore, is that published results 
of crushing strength, however useful they may be in esti- 
mating the value of buildmg stones, are to be accepted with 
the greatest caution in the selection of road materia!. 
. Chemical Analysis.— It has already been pointed 
out, and the fact cannot be too strongly emphasised, that 
the durability of road stone depends partly upon its resistance 
to atmospheric decomposition, and partly upon its resistance 
to mechanical abrasion. The former character is influenced 
chiefly by the chemical composition of the constituent min- 
erals, while the latter depends upon the manner in which, 
and the material by which, these component minerals are 
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aggregated into a compact mass. Sir J. MacNeill estimates 
the proportionate wear of roads as follows : — 

For Fast Traffic. For Slow Traffic. 

Atmospheric changes ... 20 per cent. ... 20 per cent. 

Wheels ... ... ... 20 „ ... 35*5 „ 

Horses' feet ... ... 60 ,, ...44-5' „ 

There is also this difference, that whereas the mechanical 
wear takes place chiefly on the surface of the road, chemical 
decomposition may, and often does, produce its chief effect 
in the substratal portions, where the result is more disastrous. 
It is especially necessary, therefore, that road foundations 
and substratal pavements should be made of chemically 
durable material. 

It is, however, doubtful how far a chemical analysis of a 
rock is of much value in enabling a durable road stone 
to be selected. The table given in Chapter IV. 
shows at a glance how deceptive the result of chemical 
analysis may be. Thus, it would obviously be absurd to 
rely upon silica percentage alone ; for under these circum- 
stances the most friable sandstone would excel the most 
durable granite. 

As regards sandstones, chemical analyses may assist in 
the determination of the nature of the cementing material, 
but in the case of limestones such data are not sufficient in 
all cases to enable a good road metal to be distinguished 
from one which is worthless. There is a considerable 
difference in the quality of limestones, even when procured 
from the same geological formation. Thus the Bristol 
Black rock is one of the best beds of carboniferous limestone 
for use as macadam, but chemically it has little to distinguish 
it from other inferior varieties of the mountain limestone 
formation. The same may be said of many of the Devonian 
limestones, none of which can excel the Babbacombe stone 
for road-making, although in appearance and chemical 
composition there is often a great similarity. 

A word may here be said upon the practice of testing 
limestones by their behaviour with dilute acid; Some of 
the more weathered trap rocks effervesce freely with acid 
and might thus be mistaken for limestone. On the other 
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hand, some of the harder dolomites have been mistaken for 
qiiartzites owing to the fact that dolomite does not readily 
effervesce in cold dilute acids. In such cases as these even 
a rough chemical analysis would at once reveal the true 
nature of the stone. 

It is not intended, therefore, to convey the impression 
that chemical tests are useless, but only that alone they are 
often insufficient. A road surveyor cannot know his ma- 
terials too thoroughly, and the chemical composition, when 
combined with a proper understanding of mineralogical 
structure, may afford much valuabk information, and iqay 
assist in the discrimination of good and bad samples. 

Mineralogical Composition. — The importance of 
this test has already abundantly been illustrated in our 
discussion of the different rock groups. A mere examina- 
tion of a hand specimen is not enough to determine its 
mineralogical constitution. Microscopic investigation will 
alone reveal the true nature of the component minerals, 
their interlocking, decompositions, and alterations, as well 
as the presence of secondary products, such as calcite or 
pyrites, which may affect the chemical stability of the rock. 

Observations of Actual Wear.— The test of actual 
experience, although the last to be considered, undoubtedly 
surpasses any other means of determining the value of road 
metal. The number of experimental pavements which have 
been laid in this country is, however, not many ; although 
there are innumerable instances in which selected material has 
been afterwards discarded on account of the unfavourable 
results obtained from its use. Some of these failures have 
been the result of faulty construction, and cannot, therefore, 
be laid to the quality of the material; but in many other 
cases it is the material which has been at fault. The 
quality of the stone selected may even be too good for the 
purpose for which it is intended. In London, harder stone 
has often been removed on account of its slipperiness, and 
less durable but rough-wearing setts substituted for it. 
Liability to wear to a smooth, slippery surface is a feature 
which is often difficult to estimate in any other way than by 
actual trial. In the selection of macadam this element of 
slipperiness is unimportant, and the harder varieties of stone 
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are to be preferred. Flagstones exhibit great differences in 
this respect, the Blue Lias flagging, although durable, being 
inferior to such siliceous flagstones as those of Caithness, 
Kilrush, or Yorkshire, on account of the tendency of the 
flrst- named to wear to a smooth and polished surface. 
. In concluding these remarks on the selection of road 
material, the following table, drawn up by Mr. H. P. 
Boulnois, will exemplify at a glance the many different 
qualities which have to be considered in estimating the 
relative advantages of different kinds of material : — 
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Such tables, drawn up for all classes of stone, both for 
paved roads and macadam, would be extremely useful for 
the road surveyor, and would supply more practical informa- 
tion than any quantity of physical tests. Quoting again 
from the same authority, Mr. BouJnois says: ** Actual time 
test under observation of real conditions is the only reliable 
method, and having thus decided, \f^^ that you get the 
genuine article you have selected. ^^ It is here that the value 
of a knowledge of tests may be useful. Variations in 
quality, even of first-class stone, are frequent. There are 
good veins and inferior veins in the same quarry, and the 
subjection of occasional samples to physical tests will at 
least assist in insuring a uniform standard of quality. 

In the case of road stones, therefore, a great deal depends 
upon the manner in which the stone is intended to be used. 
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A stone which would be discarded as valueless for paving 
setts might still be of. great service when broken up- for 
macadam, or when used as a substratal pavement,. as in 
Telford's system. Other stones which are deficient in the. 
binding properties necessary in a good macadam . may still 
be advantageously used in conjunction with some other 
material, such as loam or chalk, or when consolidated linto 
an artificial concrete. A large amount, also, of inferior stone 
and (Juarry waste is capable of being utilised in the manu- 
facture of artificial paving slabs, of which so many varieties 
are now coming into daily use. It is, therefore, necessary 
to bear in mind the particular mode of use for which a stone 
is intended before its value is either approved or con- 
demned. Again, many stones have earned a bad reputation 
undeservedly, when the real fault has been in the method of 
road construction. We shall later on discuss the merits of 
the various methods of road construction adopted in this 
country, but it is desirable here to call attention to the 
influence which these methods tend to exert upon the 
durability of the road material. Macadam advocated a soft 
yielding foundation, the elasticity of which, it was contended, 
served to minimise the crushing tendency under heavy 
traffic. In Telford's system, on the other hand, a hard, 
unyielding foundation was employed, the broken roadstone 
being laid upon a handset pavement of large blocks. The 
tendency of modem experience is to favour the latter mode. 
It is held that elasticity is useless except actually on the 
surface, and there is no doubt that the existence of elasticity 
below the surface, as advocated by Macadam, must lead to 
a considerable amount of motion and consequent disintegra- 
tion among the fragments of stone lying at a considerable 
depth beneath the surface. It has been established that a 
soft foundation involves a considerable amount of wear near 
the bottom of the road, whereas the object should be to 
maintain the foundation of the road intact, and to limit the . 
wear to the superficial portions where the damage may be 
readily, and periodically repaired. It must be remembered, 
therefore, that even a good road stone may wear badly if the 
road is so laid that there is a large amount of rolling about 
and frictional wear throughout the substratal portions Of the 
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road ; whereas an inferior stone may form a very good road 
if the component parts are completely wedged and dove- 
tailed into one another so that they cannot either move or 
rub under the pressure of traffic. 

Durability as regards road stones depends partly upon 
resistance to chemical decomposition and partly upon resis- 
tance to mechanical abrasion. The former character is 
influenced mainly by the chemical composition of the con- 
stituent minerals, while the latter depends upon the manner 
in which, and the material by which, these component 
minerals are aggregated into a compact mass. To know 
thoroughly the qualifications of any rock as a road stone, 
therefore, involves an intimate knowledge of both its minera- 
logical composition and its texture. Some of the apparently 
hard and durable rocks, such as certain granites* or basalts, 
which remain comparatively unaltered when in the solid 
crust o£ the earth and removed from the disintegrating inr 
fluenccs of air and water, when broken up and exposed to the 
chemical influences prevailing on the surface of an ordinary 
road japidly decompose into clayey mud. Other rocks — 
suth, for example, as many of the sandstones — ^are chemi- 
cally almost indestructible,, but are so loosely aggregated 
together that under the pressure of traffic they crumble 
into the smallest powder. 

The present state of our knowledge of the wearing proper- 
ties of good road stone is in a very backward state. From 
a. geological point of view, the subject has scarcely been 
treated from, the practical standpoint, although, thanks to 
the perfection which microscopical methods of examinatioHr 
have now reached, we are gradually getting a fairly complete 
knowledge of the mineralogical composition of the most im- 
portant rock masses of these islands. But mineralogical 
composition, although an all-important feature in connection 
with the durability of a stone, is not the only point to con- 
sider in the selection of road metal. We have, as before 
intimated, also to take into account the toughness, or resis- 
tance to abrasion, binding properties, foothold and ease of 
traction, amount of absorption, and other minor points. 
Unfortunately, also, some of these properties are in inverse 
proportion to others. Thus, for example, the tendency to 
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wear to a smooth and polished surface characterises many of 
our hardest and most durable stones, and renders them prac- 
tically useless for paving. purposes* Durability, also, is fre- 
quently inversely proportional to the^ toughness, as in the case 
of iHint, which, chemicallyi is the most stable and unalterable 
of minerals, but of which many varieties are extremely 
brittle. What we really want is a series of careful tests per- 
formed upon .typica.1 stones, and the construction from the 
results of these tests of a definite ^ale. . By this means a 
clearer idea wpuld be conveyed to our minds of the 
character of a road stone than is possible from the present 
chaos of figure?, which represent the result of tests con- 
ducted" with the greatest skill and accuracy in other 
respects. 

The Administration des Fonts et Chaussees has adopted 
the following comparative numerical value of the quality of 
the materials used on the national roads of France. This 
scale of quality, ranging from o to 20, has been formulated 
from the combined results of experiments, attrition and 
crushing tests, and the quantity of materials consumed bty 
a certain amount of traffic. 
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General Summary of Qualities of different Road Stones: — 

Trap Rocks, — Generally good wearing power and fairly 
good cementing qualities — usually highly crystal- 
lised, and constituent minerals well interlocked. 
Rich in iron, available as cementing medium. 

Gahhro, — Very firm interlocked texture and difficult to 
work, but very durable although expensive. 

Peridoiites^ &>€, — Somewhat softer, but more iron and 
better cementing power. 

Diorite. — Not so rich in iron as traps, but still yery 
valuable road metal. 

Diabase. — Generally hard, excellent wearing and 
cementing qualities. 

Gneiss and Granite, — Not to be compared .with trap 
rocks for durability and deficient in cementing 
qualities. 

Quartziies break down to incoherent sand — no 
cementing power — but some wear well. 

Marbles, — Too coarsely crystalline. 

Limestones, — When siliceous excellent, and gopd 
cementing power — inferior to trap rocks in wearing 
power unless siliceous or highly metaniorphosed. 
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CHAPTER XII. 

Historical. — Roman Roads, — Medieval Roads. — 
John Metcalfe.-^/ames Loudon Macadam, — 
TRksAGUET, — Telford, — Pa ved Roa ds. -^ Tel- 
ford's Rules. 

Historical. — The history of road-making in this and 
other countries illustrates in an instructive manner thd 
evolution of the modern road, and at the same time 
supplies an unanswerable refutation of the prevalent modern 
belief that we have made but indifferent progress in the 
practice, however much we may have improved upon the 
theory of road construction. It is usual for such critics to 
point to the perfection of Roman roads in support of this 
opinion. There are, however, obvious reasons for the 
apparent slowness of our improvement in this respect. It 
is only quite recently that our country roads have been 
placed under properly organised supervision, and the great 
development of road traffic, brought about by new methods 
of locomotion, has considerably raised the standard of our 
requirements. It must necessarily take a long time to 
remedy effectually the neglect and mistaken policy of 
former, years ; nor is it so easy to make satisfactory an old, 
badly-constructed roadway as it is to start a new road on 
a jmodern basis. Lastly, the question of the cost of the 
best material will continue for a long time to handicap those 
localities which are not geologically favoured with good 
supplies of natural stone. 

Roman Roads. — In England, as in most other Euro- 
pean countries, the earliest roads deserving of the name 
were the military roads constructed by the Romans. Some 
pre-Roman roads undoubtedly existed, such, for example, 
as the Southwark causeway, which was constructed across 
the marshy tract connecting Westminster with Clapham 
Rise; but these were of a very elementary nature and are 
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scarcely comparable with the Roman roads. The abCve- 
mentioned causeway, for instance, was made in the simplest 
possible way, by driving piles into the mud of the marsh 
and filling in the interspaces with gravel or shingle. 

The Roman roads were cohstructed,"in the general way, 
as follows. Two parallel trenches were dug along the 
proposed direction, marking the width of the roadway. 
The soil was then excavated between the trenches until 
a solid substratum was reached, or, if necessary, piles were 
driven to secure a stable foundation. Upon this were 
placed several layers of material. The lowest layer con- 
sisted of large stones "not smaller than the hand could 
just grasp." Upon this layer was placed a bed of broken 
stone, 9 in. thick, and set in lime mortar. This, again, was 
covered with another layer, 6 in. in thickness, of mixed 
stones, broken brick, and pottery, also set in mortar, and 
over all was usually placed a kind of pavement of large 
stones, fitted together, and with the joints filled in by 
mortar. 

This was a method of construction which would scarcely 
discredit a nineteenth century surveyor, and yet by such 
roads as these the Roman legions traversed every portion 
of their vast empire, carrying civilisation and enlightenment 
throughout Europe. On the decline of the Roman Empire, 
barbarism, however, again usurped the land, and the 
Roman roads were abandoned to neglect and decay ; 
except so far as the military exigencies of leaders like 
Charlemagne necessitated their temporary restoration. 

Mediaeval Roads- — In our own country in the Middle 
Ages, the condition of the roads was deplorable. There 
was, in fact, but little demand for them, owing to the 
scarcity of vehicular traffic, and the comparatively small 
amount of social intercourse under the feudal system. Even 
as late as the middle of the eighteenth century, inland com- 
munication in England was difficult and in some cases 
even dangerous. Arthur Young, writing in 1770, has drawn 
a graphic picture of the state of the roads at that time. He 
speaks of ruts 4 ft. deep, and filled with mud even in the 
summer. About that time, a single stage coach travelled 
between London and Edinburgh, taking from twelve to 
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fourteen days for the journey. In many parts of England 
wheel carriages were not used because they could not 
plough their way through the rough and uneven roads. 
Indeed, as late as 1818, it is stated that Bishop Buckner 
advised a newly-appointed curate of Waldron, in Sussex, to 
lose no time in going there, for in the course of a very short 
time he would find it impossible to do so. Of Sussex roads 
a writer in 1769 gives the following description: — "The 
roads in the winter season are the worst in England ; for 
many of the prodigious trees which grow here, and are 
carried through this part of the country in the summer time 
to the Medway, on a carriage called a Tug, drawn by twenty 
oxen, advance so slowly that it is often several years before 
the tree reaches the place of its destination, for if ever the 
rain sets in, it stirs no more for that year, and often the 
summer is not dry enough to make the roads passable." 

Not only in England, but also on the Continent, the 
same story is told. In France the country roads and even 
the streets of large towns were impassable in bad weather, 
and it was not until 1775 that a revival took place, again 
owing to military enterprise. Napoleon I., about this time, 
effected great improvements in the roads, not of France 
alone, but also of other countries through which he led his 
conquering armies. It was he who commenced in 1 800, 
the construction of the famous road over the Simplon Pass, 
a work which took six years to complete. The improve- 
ment in road construction and inaintenance thus inaugurated 
gave to French main roads a superiority over those of our 
own country, which was still further maintained by their 
superior system of control. The maintenance of the main 
roads of France was a national trust, effectually super- 
intended by the engineers of the department of the Fonts et 
Chaussdes; while in England road-making had not yet 
come to be considered as an object worthy of the application 
of engineering skill. About the middle of the last century 
the system of turnpike trusts was established by law in this 
country. By this system the roads were divided into short 
lengths of from fifteen to eighteen miles, and were placed 
under the control of trustees who were responsible for their 
proper maintenance, and were empowered to levy tolls for 
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the expenses of their repair. The practical result of this 
system was that new roads were made and old toads were 
kept in some sort of repair by incompetent per«ons, utterly 
ignorant of the proper methods to be employed, or of the 
nature of the materials to be used; Many of the^ roads of 
this period were, in fact, little more than tracks, in which 
a certain amount of solidity was produced by filling in ruts 
and depressions with stones or gravel. 

John Metcalfe.— There is little wonder, therefore, that 
when John Metcalfe, about this time^ turned his attention 
to road improvement, the principles which he advocated 
were eagerly taken up by many who realised the wretched 
state in which many of our roads were allowed to remain. 
Metcalfe's advice was sought far and wide, and not even 
the calamity of blindness, which overtook him at an early 
age, either damped his enthusiasm for improving English 
roads or weakened public confidence in the efficacy of 
his methods. Metcalfe was born in 1717, and Young 
wrote some fifty years later, so that the influence of his 
ideas had not made itself very widely felt even at the 
close of last century. 

Coming now to the nineteenth century, we have a good 
picture of the condition of road engineering in 1809 from 
the Report of the Parliamentary Committee on Turnpikes 
and Highways. Without any prepared foundation, we read 
that materials were heaped on to the centre of the roadway 
until it was well barrelled, viz., a highly convex surface was 
produced, over which vehicles could only run with safety 
in the middle. When the convexity was at length worn 
down, it was restored by piling up fresh stone? again on 
the central track covering a width of not more than 7 or 
8 ft. By the compulsory confinement of the traffic to the 
middle of the road the latter was quickly worn into deep 
ruts, the loose stones and mud being pushed to the sides, 
until all the rainwater was effectually impounded in the 
middle. The convexity was then restored with any avail- 
able rubbish, and the same process of disintegration and 
wear was repeated. 

The large amount of convexity in the roads of this period 
was a fundamental mistake. Traffic should not be con- 
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centrated in one particular track, but evenly distributed 

over the whole width of the road. Surface drainage is 

better effected with a small fall on an 

even surface than with a greater fall on ^^--Li 

a load which has been ploughed inlo 

ruts. 

It is noteworthy that in the same year, 
1809, Mr. Foster, of Bedfordshire, advo- 
cated the desirability of first laying 
down a substantial foundation of the 
hardest stone or coarsest gravel that 
could be "procured, and then to coat 
with a finer and more level surface. 

James Loudon Macadam. — 
During these years Mr. James Loudon 
Macadam was giving his attention to ^ 
the . principles which had already been  a 
foreshadowed some years previously by ° 
John Metcalfe and others; and, when 2, ^ 
appointed, in 1816, to the superintend- a 5 
ence of the toads of Bristol, he was able s -. 
to put those principles into practice, tlias S* ■" 
marking an epoch in ihe annals of road- Z, 
making, and inaugurating the system g 
which has ever since borne his name P- 
(see fig. 11). 

Macadam's melhod is so well known 
that some apology is needed for the 
repetition here of the main points in his 
system, the fundamental principle of 
which consisted in the use of stone 
broken to £uch a size and shape that 
the fragments would unite by their own 
angles alone to form a solid surface. 
For this purpose small angular pieces 
were necessary, capable of forming an 
interlocked mosaic when compacted into 
the road, and of remaining firm under 
the pressure of traffic; whereas the rounded stones pre- 
viously used were kept in such constant motion that they 
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were worn away by attrition even before consolidalioti had 
taken place. His method of construction was equally 
simple. It consisted in sub- 
! stiiuting for the irregular loads 

of large stones, which had pre- 
viously been heaped to a thick- 
ness of 2 or 3 ft. upon the 
middle portions of the road 
to maintain their marked con- 
vexity, a thin uniform coating, 
1 1 in. in thicknesf^, of stones 
broken to a uniform size, about 
2 in. in diameter, carefully 
levelling ihe surface, and main- 
6 taining only such a degree of 
^ convexity as would ensure the 
■o- ready drainage of surface water 
J into the roadside channels. 
2 '2 Instead of the former con- 
. c vexity of about 4 in. per yani, 
^ [^ or y\-, he advocated only half 
■g this amount for new roads ; 
c so that, after thorough con- 
3 solidation, it might be reduced 
Jj to I in. per yard, a slope 
amply sufficient to ensure pro- 
per surface drainage. 

Macadam's system possessed 

the merits both of efficiency 

and economy. The thick 

coatings of road itone which 

had pieviously been laid down 

served as quarries from which 

he procured his material, and 

which, afier being broken 10 

the required size he relaid in 

the manner described. His 

chief work at this time consisted in the improvement of 

old roads, the execrable condition of which afforded him 

ample scope. 
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Tr^saguet. — In France, in the meantime, the engineers 
of the Fonts et Chauss^es had not been idle. .In 1774, 
Tr^saguet had succeeded in effect- 
ing a notable improvement in 
the method of construction pre- . 
valent in that country. Instead 
of a thickness of road stone of . 
22 in. in the centre, diminishing 
to 16 in. at the side of the road 
(see fig. 12), he advocated a 
uniform thickness of 10 in. over 
the whole roadway. He ex- 
cavated the road to the required jf 
depth, shaped the bottom to the =. 
same convexity as the finished = 
surface was designed to possess, ° 
and placed upon it a rough hand- ^ 
set pavement of large stones, laid S 
on edge. Where the ground was % 1 
soft he placed a layer of flat »  
stones beneath the pavement. ^ C 
On the top of the pavement, . S. 
successive layers of smaller stones *>i| 
were placed, and thoroughly . | 
pounded into a solid mass, in S 
which all interstices were care- - 
fully filled in and all projecting ^ 
angular points hammered off. 
Upon this was placed a layer of 
small stone, 3 in. thick, to form 
the final surface. Such was the 
mode of constructing' the French 
" roads with foundation " up to 
about the year i8zo (see fig. 13). 
The excessive thickness of the 
road coating previously adopted 
in France was due to the fact 

that previous to 1764 the national roads were maintained 
by statute labour, and being on this account only attended 
to in spring an^ autumn, a long interval elapsed between 
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the repairs, thus necessitating a thick layer of material to 
prevent tbem from wearing through in the interval. 

Thus were inaugurated the two great 
S systems of modern road-making, that 

of Macadam, in England, being with- 
out any specially- prepared foundation, 
and that of Tr^saguet, in France, 
having a hand-set pavement beneath. 

Telford. — English engineers, as 
already stated, had not up to this time 
given much attention to road con- 
struction. It is true that Smeaton, in 
1768, had undertaken the making of 
a new road across the Trent valley 
between Markham and Newark ; but 
it was not until the early part of the 
g nineteenth century that Telford coin- 
er nienced the work which has made his 
^ 1 name famous in road engineering. His 
" ^ system was a modification of that of 
2 ^ Tresaguet, combined with the applica- 
'^ 1 tion of the principles of Macadam. 
.S He excavated a trench of the width 
S desired for the roadway, but retained 
'" the horizontal bed instead of rounding 
it to the convexity of the finished sur- 
face. Upon this bed a handset pave- 
ment was placed, consisting of stones, 
9 in. deep in the centre and 5 in. deep 
at the margins. These stones were not 
more than 4 in. wide at the top, all the 
projections of the upper surface were 
broken off, and the interstices were well 
rammed with small stones. By this 
means a foundation was secured having 
^ ^ the required convexity of 1 in 60. Upon 

.'^- ' this was placed a layer, 6 in. thick, of 

hard stone, broken so as to pass in all 
directions through a z J-in, ring. Uptm the whole, when com- 
pact, was spread a layer, i4 in. thick, of good gravel (fig. 14)' 
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About the same time as this modification of the French 
system was introduced by Telford into this country, the 
French engineers adopted Macadam's method for all their 
roads .without foundation^ of which class the great majority 
of the roads in France then consisted. 

la comparing the relative efficiency of Telford and 
Macadam roads it must be remembered that the essential 
difference between them lay in the adoption by Telford 
of a. hard,, unyielding foundation^ whereas Macadam insisted 
upon the importance of a somewhat yielding or elastic bed 
of natural earth. He maintained that internal crushing, 
due to the weight of traffic, was diminished by this means. 
Opinions differ upon this point. Most engineers how 
favour the Telford system on the ground that elasticity 
is useless except on the surface; a yielding foundation 
implies motion, and consequently wear, in the lower parts 
of the road, whereas a firm pavement will confine the wear 
to the superficial portion, where it is easily repaired by the 
renewal of the material by which it is covered. It is also 
claimed that the substratal pavement of the Telford road 
provides for thorough drainage, and that it prevents clayey 
subsoils from working upwards into the road crust on the 
one hand, and on the other hand keeps the broken stone 
from working down into the subsoil. 

It will be noticed, also, that Macadam was not in favour 
of the addition of any binding material, the close inter- 
locking of the angular stones being supposed to be sufficient 
to produce solidity. In fact, he condemned the use of 
sand or gravel for this purpose, maintaining that such 
material defeated the very object in view by preventing 
the close contact and interlocking of the stones. It will 
presently be seen that this view^ is not now generally 
accepted ; so that the original ideas advocated by thia 
great pioneer of road construction have undergone con- 
siderable modifications in recent practice. 

Paved Roads. — With regard to paved town roads, 
history shows the same progressive improvement. In the 
latter part of last century* it was the custom to use boulder 
or cobble paivements, made from the large rounded pebbles 
from the sea-shore. These still exist at the present time in 
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many- parts of our northern cities. Their disadvantages 
are obvious. Drainage is almost impossible, otving to the 
wide joints, between which filth accumulates and defies 
cleansing. Noise and. jolting over the uneven surface are 
accompanied by a difficulty in traction which experiment 
shows to be nearly ten times as great as on a Smooth 
asphalt surface. 

These cobble pavements were succeeded by the use of 
irregular blocks of stone, from 6 in. to 8 in. wide, often 
undressed and so badly fitting that they came very im- 
perfectly into contact and left wide, open joints between 
them. The base of support was very irregular, their size 
was wanting in uniformity, and their surface was often 
almost as uneven as the boulder pavement which they 
superseded. 

Telford, in 1824, recommended that the paving stones 
should be dressed square on all sides to make a close joint, 
and that they should be laid in the form of an ashlar cause- 
way upon a foundation, one foot in depth, made of broken 
stone. • The stones which he employed were somewhat wider 
than those now adopted, but otherwise the main principles 
of construction of paved roads remain to this day very much 
the same as those of Telford. 

Wood pavements are said to have originated in Russia,, 
where red fir blocks, cut to the shape of hexagonal prisms, 
were used long before this class of pavement was adopted in 
this country. It was in 1838 that Stead patented the first 
wood block pavement, which was laid both in Manchester 
and in London. He adopted both hexagonal and circular 
blocks, but these did not prove equal in wearing qualities 
to the wedge-shaped blocks introduced by Carey in 
1839 and subsequently laid in many of the streets of the 
metropolis. 

Asphalt was introduced into this country from France in 
1 836, primarily for foot pavements only. . It was not until 
1869 that the first street pavement in asphalt was laid in 
London, in Thread needle Street. 

Telford's Rules. — The following rules were prepared 
by Telford in 1820, as instructions to those in charge for 
the proper maintenance of the road between London 



CONSTRUCTION. I33 

and Shrewsbury, at the instance of the Parliamentary 
Commissioners : — 

GENERAL RULES FOR PREPARING ROADS. 

I. — Shape of Cross-Section. 

Rule /. — Upon a road of 30 ft. in width, the sides should 
be 9 in. (Telford afterwards considered 6 in. sufficient for 
this width) below the surface of the middle. The best line 
of the cross-section is a segment of a flat ellipse. This 
shape not only assists the water to pass from the centre to- 
wards the sides, but contributes to the drying of the road 
by allowing the action of the sun and air to produce a great 
degree of evaporation. Surveyors ought to use a level in 
giving roads a proper shape, in order that the surface may 
be of one uniform curvature, without the smallest deviation 
in any one spot from the prescribed line of the cross- 
section. 

II. — Drainage. 

Rule IL — All ditches ought to be on the field side of the 
road fences, and to be* connected with the natural water- 
courses of the country. The stone cross drains and cul- 
verts which pass under the road should be numerous, and 
continued through under the fences into the ditches. 

In order to keep a road perfectly dry, openings of mason- 
work should be made from the side drains of the roads into 
all these cross drains, to carry off the water collected from 
the surface of it. The bottom of these cross drains must 
be well paved, particularly at these openings. It ought 
never to be forgotten that in order to have the surface of a 
road perfect, it must be kept completely dry. All land 
springs ought to be carried from the side of the road by 
under-draining. 

III.— Trees and Fences. 

Rule III, — It is absolutely necessary to remove trees 
from the sides of roads, and to keep the fences under 5 ft. 
in height. Not less than 20 per cent, of the expense of 
repairing roads is incurred by the trees and the improper 
state of the fences keeping the roads wet, and by that 
means occasioning the rapid destruction of the materials. 

K 
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IV. — Materials. 

Rule IV. — Where the materials are quarry or field stones, 
the hardest part of them only should be used. Each stone 
should be so broken that it may, in its largest dimension, 
pass through a ring 2\ in. in diameter. Hammers with 
slender handles, light and well steeled, must be made on 
purpose for breaking them. This work ought always to be 
done by measure, either at the quarries or in proper recesses 
made for the purpose on the sides of the road. Men who 
are past hard labour, and women and boys, may be em- 
ployed on it. 

Rule V, — Where the materials consist of gravel, the 
stones only which exceed ij in. in size should be taken 
from the pits for the repairing of the middle part of the 
road, of 18 ft. in breadth. These ought to be raked 
together as the ground is thrown up by the workmen. 
This process will, in most cases, save the expense of 
riddling and washing the gravel. The small gravel and 
gravelly portions of the pit may be used for the sides of 
the roads and the footpaths. Every gravel stone which 
exceeds i| in. in size ought to be properly broken, either in 
the pits or .in the aforesaid recesses. A pronged shovel 
should be used in putting the stones into the barrows. 
Surveyors should pay very particular attention to this rule, 
because the common use of a mixture of round gravel and 
clay is a public nuisance, and must be got rid of. When 
a surveyor obstinately persists in this practice, the trustees 
should dismiss him. 

V. — Disposition of Materials. 

Rule VI. — Where a road has no solid and dry founda- 
tion, it must be constructed anew. It must be well drained 
and put into a proper form. Upon the 18 centre feet of it 
stones must be put, forming a layer 7 in. deep. Soft stones 
will answer, or cinders, particularly where sand is prevalent. 
These bottoming stones must be carefully set by hand, with 
the broadest end down, in the form of a close, neat pave- 
ment; the cavities should be filled with stone chips to 
make all level and firm, and no stone should be more than 
S in. broad on its face. This proportion of a solid and 
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level foundation is the most essential point to be secured 
in order to have a perfect road, and that the draught of 
carriages may be eased as much as possible. Over this 
bottoming of stones or cinders, 6 in. of stones of a proper 
quality, broken to a size that will in their largest dimensions 
pass through a ring of 2| in. diameter, must be laid. The 
6 ft. of the road on each side of the 1 8 centre feet (making 
30 ft.), when formed of a proper shape, may be covered 
with 6 in. good clean gravel or small stone chips. Where 
a road has some foundation, but an imperfect one, or is 
hollow in the middle, all the large stones appearing on the 
surface of it must be raised and broken ; the 18 centre feet 
of it must then be covered with a coating of broken stones, 
sufficient to give it a proper shape, and to form a bed of 
solid materials of at least 13 in. in depth, to make it solid 
and hard. Where a road already has a good foundation 
and also a good shape, no materials should be laid upon it 
but in thin layers, for the purpose of filling ruts and hollow 
places as soon as they appear. Stones broken small, as 
above described, being angular, will fasten together. In 
this way a road, when once well made, may be preserved m 
. constant repair at a small expense. Where the breadth of 
that part of a road which alone has been formed of hard 
materials, and over which the carriages commonly pass, is 
less than 18 ft., it must be widened with layers of broken 
stpnes to that breadth, first digging away the earth and 
forming a bed for fhem with pavement and broken stones, 
at least 10 in. deep. Near large towns the whole breadth 
of the roadway should be covered with broken stones. 

VI. — Management of Labour. 

Rule VIL — All labour by day's wages ought, as far as 
possible, to be discontinued. The surveyors should make 
out specifications of the work of every kind that is to be 
performed in a given time. This should be let to con- 
tractors, and the surveyors should take care to see it 
completed according to the specifications before it is paid 
for. Attention to this rule is most essential, as in many 
cases not less than two-thirds of the money usually expended 

by day labour is wasted. 

K 2 
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In all probability the contract system was introduced 
with a view to get rid of the paupers then employed 
oh the JEIolyhead road, as Telford afterwards, in 1819, 
on some portions of this road at least, placed fore- 
men in charge of 4 to 6 miles of road, having under 
them a sufficietit number of labourers to keep the road in 
proper shape. Further, in 1823, he says that "a certain 
number^f labourers ought always to have the care of the 
surface of the road, and never quit it for a single day to do 
anything else ; they will always have sufficient to do in 
spreading materials in ruts and hollows, in scraping the road, 
in cleaning out the side channels and keeping open the 
water-courses, and generally in maintaining the road in a 
clean and sound state. A few men constantly so employed 
will do a great deal towards the preservation of a road, while 
the' greater number of workmen should be as constantly 
employed in providing materials by constant work." It is 
noticeable, however, that in the Highlands of Scotland and 
in Wales, where the population was sparse and labour 
difficult to obtain, that he invariably adopted the contract 
system of maintaining the roads. Telford, in 1830, 
supplemented these foregoing general rules by the following 
specification : — 

Specification for the regulation of the surface between the fences^ 
so as to establish uniformity in the cross-sections, 

1. The road is to be 30 ft. wide, with a fall of 6 in. 

from the centre to the side channels, but exclusive 
of the footpaths. 

2. Two sod3 to be laid on each side of the road, one 

upon the other; the lower one 12 in. wide, the 
upper 8 in., and each 4^ in. in thickness ; and in 
such manner as to form curved edges when they 
grow together; the top surface of the sods on 
each side to be exactly on the same level. 

3. On one side of the road a footpath to be made 

behind the sod ; it is to have an inclined surface 
of I in. in a yard towards the road ; and another 
sod to be laid along the outer edge of the foot- 
path, 8 in. wide, on a level with the footpath. 
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4. On the other side of the road a flat mound of earth 

to be formed behind the sods, on a level with the 
top of them, 5 ft. 8 in. wide ; the surface of this 
mound to be made with sods or sown with g»'ass 
seeds. 

5. The waste land, where there is any, on each side 

between the footpaths or the mound and the road 
fences, to be dug over to the breadth of 4 ft., at 
right angles to the fences, and made quite smooth ; 
when these wastes are covered with grass, the sod 
to be pared off each breadth and laid on the 
breadth last dug ; when they are not in grass the 
new surface is to be sown with hayseed. 

6. If there is a ditch on the roadside of the fence, or if 

the road fence consists of a high bank, a new post 
and rail fence is to be made close along the foot- 
path and mound, with a ditch on the field side at 
least 3 ft. deep. 
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CHAPTER XIII. 

Selection of Road Lines. — Contoured Maps. — 
Road Profiles. — Scale of Slopes. — Limiting 
Gradient. 

Selection of Road Lines. — The business of road con- 
struction falls naturally under two heads, viz., the laying out 
of new roads, and the improvement and maintenance of old 
ones. Although the latter problem will more frequently 
confront the road student than the former in a settled 
country like our own, occasions will also arise when new 
roads are required to be laid out. We shall, therefore, deal 
first with the considerations which should influence the 
selection of road lines. This is the more necessary as new 
roads are often left to be set out by estate agents, who are 
not seldom compelled by the circumstances of the case to 
ignore engineering difficulties, which, when it is too late to 
remedy them, present formidable obstacles, involving either 
a large outlay to overcome them, or else an inferior road, 
which for all time is a source of inconvenience and expense. 
The problem of road location is not usually so simple as 
it might at first sight appear to be. The mere connecting 
together of two points by a straight path or roadway, 
although a plan often adopted in practice, is not always the 
most desirable method to be employed, even in a short 
estate road; and in the case of a long line of road, extending 
over a considerable range of country, is generally impossible. 
As the latter case practically embodies all the important 
points which can arise in short roads, it will be advisable to 
consider here the complete question of road location as 
applied to extensive tracts of country, presenting all the 
usual diversity of physical features which may be met with 
either at home or abroad. The question of pioneer roads 
in unsettled countries of course diflers somewhat in detail 
from that of properly-metalled highways in inhabited dis- 
tricts ; but in the principles bearing upon th^ selegtion of 
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route there is but little difierence between them, as, in the 
course of time, the former naturally develop into the latter, 
in proportion as settlement proceeds and town sites are 
developed. 

The points for consideration in laying out a line of road 
fall under the following heads : — 

1. The limiting gradient; 

2. The cost of overcoming natural obstacles ; 

3. The reduction of distance to a minimum, so far as 

other considerations permit. 

These different elements are often in conflict, and there 
is generally considerable difl[iculty in reconciling them so as 
to secure the most advantageous route. In any ordinary 
country it is generally, impossible to make a road at the 
same time both straight and level without incurring a 
prohibitive expense in cuttings, embankments, insecure 
foundations, and drainage. The Romans paid more atten- 
tion to straightness of direction than to undulations of the 
surface, and were not deterred by gradients which would 
not be tolerated in these days. Indeed, it often happens 
that distance is not saved by this means, the undulations in 
a vertical plane causing quite as long a road as the hori- 
zontal curvatures necessary to secure easy natural slopes. 
In other words, it is often no greater distance to go round a 
hill than over it. Even without considering gradients at all, 
straight roads are often impossible, owing to the necessity of 
serving other towns lying near the line of route. In a new 
country the situation of townships is often determined by 
the position of the pioneer roads ; but in an old country the 
reverse is usually the case, the position of any new roads 
being dependent upon that of the towns. In the latter 
case, also, the value of land sometimes enters into the 
question and renders the shortest distance impossible. 

Contoured Maps. — Before entering into a detailed 
discussion of the important subject of laying out a road, 
it is necessary to say a few words about maps. A good 
map is absolutely essential in the preliminary stages of 
fixing the position of a road. This map must not only 
be topographically correct, but it must also show by 
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contours, hachures, or mezzotint the surface undulations of 
the country. For this purpose contours are far superior to 
any other method, since it is only by this means that the true 
shapes of the hills and valleys can be properly appreciated. 

Contours, as the reader probably already knows, are lines 
of equal altitude. They represent imaginary lines running 
round a hill at the same level all the way, each contour 
representing a fixed rise or fall of so many feet. They 
serve the purpose, therefore, of enabling the direction of 
perfectly level pathways to be seen at a glance. A road 
following a contour must be absolutely level. Such roads 
will be alluded to later as ** contour roads." Contours also 
enable the height of any spot on a map above any other 
point to be readily calculated, by counting the number of 
contours between them. 

The methods of representing surface features by hill 
shading, such as hachures or mezzotint, are sometimes 
adopted even in contoured maps, in order to afford an 
appearance of greater surface relief than the contours alone 
afford. In many cases, however, this is the only way in 
which any attempt is made to represent surface features. 
By means of a scale of shade some general idea of the 
slopes can be gained from such maps, if the hill shading is 
correctly graduated ; but a^ the different depths of shading 
merge almost imperceptibly into one another, there is no 
definite conclusion to be drawn as to the precise elevation 
of one spot over another, or even as to the exact localities 
where the slopes begin to change. Hill shading, therefore, 
cannot be recommended as a substitute for contour lines, 
but may, if desirable, be used in addition to these, to 
accentuate the features, which to an experienced eye con- 
tour lines alone show with sufficient clearness. 

No better examples of maps suitable for road construction 
exist than the Ordnance Survey maps of our own country, 
which can be procured on several scales according to re- 
quirements. Those drawn on a scale of i in. to the mile 
are most suitable for large areas of country ; but for smaller 
areas the 6-in. maps are preferable, and for estate work the 
parish maps of 25 in. to the mile are not too large. The 
contours are generally drawn on the i-in. and 6-in. maps 
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at vertical intervals of 50 ft. For road purposes this is 
generally too large an interval, as many of the minor 
features of the surface are thus suppressed. Extra con- 
tours, however, can without much difficulty be added by 
any one possessed of a knowledge of the principles of 
levelling, a subject which limitations of space prevent en- 
largement upon here. In pioneer work in the Colonies 
and elsewhere such elaborate maps are of course not to be 
had ; but rough maps, sufficiently accurate for the purpose, 
are usually constructed in the course of the preliminary 
survey. 

The reading of a contoured map is soon acquired by 
practice. As a rule, the altitudes are figured on each 
contour line. Even if they are not, the position of the 
watercourses will be at once evident, and from these the 
position of the higher ground may be inferred. It will be 
noticed in every case that the ground falls towards the 
natural drainage channels, which are separated from one 
another by more or less elevated ridges running between 
them. The lowest parts of the country represented on the 
map should first be recognised by means of the main rivers 
and their tributary streams. From these the eye will readily 
distinguish the water-sheds and the hillocks, the relative 
heights of which may be calculated by counting the number 
of contour lines from any convenient level. The difference 
in level between two places is found by multiplying the 
number of intervening contours by the vertical height 
between the contours, called the vertical interval. 

A knowledge of the shape of the ground is gathered from 
the distance of the contours from one another. The steeper 
the slopes the closer will the contours be, and vice versd. 
If in a hill the upper contours, near the summit, are closer 
together than those near the bottom, the intervening ground 
is concave. If, on the contrary, the lower contours are 
closer than the higher ones, the ground between them is 
convex. 

Road Profiles. — A more graphic method of showing 
the general shape of the surface in any given direction is by 
drawing a profile or section, which can be easily done from 
a contoured map in the manner represented in the accom- 
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panying diagram (fig. 15). Here we may imagine that we 
require to know the shape of the ground along the dotted 
line A B. The contours show that the ground rises from A 
to fi, and also that a small isolated elevation occurs at C. 
The greater proximity of the contour lines towards B also 
shows that the rise is steepest in that locality. To obtain 
the section, we draw parallel lines at a distance apart which 
represents the vertical interval between the contours on any 
convenient exaggerated scale. These lines are numbered to 
correspond with the numbers on the contour lines. From 
each point on the line A B, where it intersects a contour, 



Road Prolili: : Vertical Scale exaggeialed. 

vertical lines are drawn to intersect the corresponding 
horizontal line. The tops of these perpendiculars are 
connected by a continuous curve, remembering the rule 
given above as to the distinction between convex and 
concave surfaces. Thus, to the left of the hill C the ground 
ie slightly concave, since the contours are wider apart 
below ; but towards the rising ground at B, the ground is 
convex, since the lower contours are closer together than 
those at higher levels. 

The shaded profile thus obtained in fig. 15, gives the 
relative heights of different points in the line A B, iw/ *( 
does not g^ive the true gradient. This last distinction is of 
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great importance. The true gradient cannot be represented 
in section accurately unless the vertical intervals are drawn 
on the same scale as the horizontal scale of the map. If 
this is done, the elevations will generally be so minute that 
the profile will not give a sufficiently striking representation 
of the surface features, which in many cases would be 
scarcely perceptible. It is, therefore, necessary to exag- 
gerate the vertical scale in a certain fixed proportion, and to 
mark on the profile the amount of exaggeration. 

Scale of Slopes. — It is not enough, however, for road- 
making purposes, to know generally whether the ground is 
steep or flat ; it is also necessary to know what is its exact 
shape, and what is the degree of slope at any given spot. 
This can easily be done from a contoured map if we know 
(a) the scale of the map, and (d) the vertical interval 
between the contours. There are two ways in which 
gradients may be expressed. Either the difference in level 
may be stated which occurs in a certain horizontal distance. 
This is usually given as a fraction. Thus a gradient of ^V> 
or I in 30, means a rise of i ft. vertically in a distance of 
30 ft. horizontally. Or the slope may be expressed in 
degrees of elevation above the horizontal plane. 

Thus a slope of one degree represents a rise of one foot 
vertically in a distance of 57*3 ft. horizontally ; since, as the 
mathematical reader will know, 57*3 is approximately the 
natural co-tangent of an angle of one degree. A slope of 
one degree is, therefore, very nearly equal to a rise of i in 
60, which for rough mental calculations is sufficiently 
accurate. In this way we can readily compare the two 
methods of expressing gradient, thus : — 

1 deg. is equivalent to i in 60, or i'6 per cent. 

2 n i, ,y a I in 30, „ 3*3 ,, 

3 » » »» j> J in 20, „ 5 



4 » » >j » I in i5» »> 6"^ 

5 » »> » M I in 12, „ 8*3 



6 „ „ „ „ I in 10, ,,- 10 „ 

The exact gradient on a contoured map may be easily 
calculated from the map scale. Thus, suppose the distance 
between the contour lines op ^ach side of the given locality 
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to be 200 yards on the map scale, and the vertical interval 

to be 20 ft., the gradient is then obviously = — . 1 

' o 3 X 200 30 1 

This method involves a special calculation for every gradient. 
A much more convenient plan is to make for the map a 
scale of slopes, from which the steepness of the ground can 
be at once determined. This scale, sometimes called the 
scale of horizontal equivalents is made in the following 
manner. The accompanying map (fig. 16) is drawn and 
contoured on what is called the normal system. The scale 
of the map is 6 in. to a mile, and the vertical interval 
between the contours is 20 ft. 

Now I deg. being a rise of i ft in 57*3 ft. in order to 
rise 20 ft. on a slope of i deg. a horizontal distance of 
57*3 X 20= 1,146 ft, or 382 yards, will be necessary. 
On a slope of 2 deg. the vertical height of 20 ft will be 
reached in half this distance, that is, in 191 yards; and on 
a slope of 3 deg., in one-third the distance, or 1 2 7 yards, 
and so on. There is a slight but inappreciable error in this 
method, which, however, can be used for slopes up to 
20 deg., an inclination very far beyond the limits of prac- 
tical road construction. We thus arrive at the following 
horizontal equivalents for a scale of 6 in. to a mile : — 



Angle of Slope. 




Horizontal Equivalent 
for 20-ft. Contours. 


I deg. ... 




... 382 yards. 


2 „ 




... 191 


3 » 




... 127 


4 „ 

5 ,» 

6 „ 




••• 95*5 M 
764 „ 

... 63-6 „ 



These distances are laid down on the map scale, thus 
giving the scale of slopes shown in the figure. 

If we now wish to determine the slope at any portion of 
the map, we have only to take off the distance between 
the contours at that place and ascertain which division of 
the scale of slopes most nearly corresponds to it, see fig. 16. 

The great value of a scale of slopes lies in the fact that 
the eye readily accustoms itself to recognise the steepness 
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of the ground without actually measuring the distance 
between the contours. A contoured map thus becomes dti 
accurate delineation of the country in true relief, in which 
all the variations of gradient are as readily perceived &s 
they would be in a field survey. 

If the map is not drawn on the normal System, the 
horizontal: equivalents can be determined by calculation, 

using the formula H E = -^ — — — '- — , where the vertical 

interval is expressed infeet^ and D is the angle of slope in 
degrees. The value of the horizontal equivalent is thus 
found in yards ; but the normal scale given above can be 
used for all maps, whatever the scale may be, if the vertical 
interval is varied in inverse proportion to the map scale. 
Thus, a map drawn on a scale of 12 in. to a mile, which is 
twice the normal scale, would then have its contours drawn 
at intervals of 10 ft. instead of 20 ft. The normal scale 
would then apply. 

Limiting Gradient. — We have now to consider how 
surface slopes affect the question of road engineering. It 
is difficult to fix any rule as to the maximum steepness of 
slope which is permissible in a road, as gradients which 
would be considered high in a level country, would be im- 
possible to maintain in hilly districts. Nevertheless, there 
are limits beyond which traction is either impossible or 
economically undesirable. 

The experiments of Parnell and Gayffier show the in- 
fluence of slopes on the powers of traction of a horse. 
Their results are given in the table below. 



Rate of 
Inclination. 


Ar 


igle of i 
ft. 


Slope, 
in. 


Proportionate 
Power. 


I in TOO 





34 


23 


•9 


I in 50 


I 


8 


6 


•8i 


I in 40 


I 


25 


57 


•72 


I in 30 


I 


54 


37 


•64 


I in 26 


2 


12 


2 


•54 


I in 20 


2 


51 


21 


•4 


I in 10 


5 


42 


48 


•25 



By which we see that on a slope of i in 10 a horse can 
only draw one quarter of his maximum load. Even a 
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Strong horse dragging a load of one ton will rarely face a 
gradient of i in 20 without tacking from side to side. 
Some horses might draw a light load for a short distance up 
an incline of i in 10, but the expenditure of energy is not 
good for the horse, and the wear and tear on the road is 
excessive. There is also the question of loss of time to be 
considered. A horse may be easily made to trot on a grade 
of I in 30, however long it may be, and for a short distance 
on a slope of i in 25, but at a greater inclination than this 
a walking pace only will be generally possible. Inclined 
roads are equivalent to lengthening the distance. Sir J. 
MacNeil has shown by experiment the effect which slopes 
exert upon both heavy and light traffic, the total force re- 
quired being equal to that which is necessary to drag the 
load along a corresponding level road in addition to the 
force required to lift the load through the given elevation. 
For example, on a slope of i in 30, the equivalent length of 
horizontal road is 27 miles for heavy traffic and i'6 miles 
for lighter traffic. That is to say, the same force which 
would in the former case draw the load for one mile up a 
slope of I in 30 would draw it along the level for 27 miles. 
Thus a vertical rise is equivalent to a proportionate increase 
in road length. 

It might at first sight be thought that the loss of energy 
incurred in ascending slopes would be regained on the 
descent. This, however, could not be the case unless the 
vehicle were allowed to descend the slope with a velocity 
unchecked either by the application of a brake or by the 
resistance of the horse. 

It is usually stated that the inclination of a descending 
slope should not exceed the angle of repose of the vehicle. 
This angle, however, is very • variable, depending upon the 
nature of the vehicle and the condition of the road. It 
may be measured by that proportion of the whole weight 
of the load which is necessary to overcome friction on a 
dead level. Thus, if a force of 100 lbs. will just move 
a weight of 3,000 lbs. along a level road, the angle of 

repose will be or i in 30. In practice this angle 

3,000 

varies too much to be of any use. 
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Besides economy in traction power, gradients also exert 
an influence upon the expense of maintenance. Steep 
slopes increase the rate of wear not only on account of the 
greater abrasive influence of horses' feet, but also from the 
use of skids on the descent. It was held by Sir J. MacNeil 
thajt gentle slopes of i in 40 cost ^ less for repairs than 
those of I in 20. 

At the same time a dead level appears to be more 
fatiguing to horses than alternate slopes of slight gradient. 

Both the opinions and practice of engineers differ as to 
the maximum slope which is permissible, since a great deal 
depends upon the kind of traffic as well as the character of 
the road surface. Light traffic and smooth surfaces both 
tend to minimise the evils of steep gradients. In fairly 
level country it is usually held that gradients should not 
exceed 3 per cent, or i in 33. A 5 per cent, gradient, or 
I in 20 on the other hand is often unavoidable in hilly 
country. 
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CHAPTER XIV. 



CuRyEX. — Geological Considerat/Ons. — Cost of 
Const RUCTioif. — Laving out the Line of a 
Road. 

Curves. — It was shown in the previous chapter that, in 
laying out a line of road, it is, above all things, necessary 
to avoid steep gradients. It is also important to reduce the 
total rise and fall to the least possible amount. The great 
Holyhead road constructed by Telford, with two exceptions, 
has no gradient exceeding i in 30. The old road which 
tjiis was designed to supersede had higher gradients and 
was, moreover, two or more miles longer ; it also exceeded 
Telford's road in the total rise and fall by 1,283 ft. 

In laying out a road there is a natural tendency to secure 



Gradients avoided by Contour Roads. 

the desired end by making the distance as short as possible ; 
but it is seldom possible, even if it is desirable, to continue 
a road for any great distance in a straight line, without in- 
curring prohibitive expense in cutting and embanking or in 
overcoming natural obstacles. It may often be a difficult 
matter to decide between a very winding road, with easy 
gradients, following the contours round the hills, as at Y Y 
in fig. 17, or a straight road, as* X X, levelled by cuttings 
and embankments. Curves, where necessary, should be 
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placed in suitable positions, and at the bends the ground 
should be level. Sharp curves should be avoided. In all 
cases there should be sufficient room for a team to halt. 
On a first-class road the curvature should not exceed 50 ft. 
in radius, although in hilly or mountainous country it may 
be necessary to increase the curvature to a 20-ft. radius. 
In laying out curves it is better to select good turning 
places first, and then to lead up to them by the easiest 
gradients possible. Erroneous ideas are likely to be held 
as to the amount of increase in the length of a road owing 
to its curves. Curved roads are often very little longer than 
a straight road connecting the ends of the curve ; and, for 
the purpose of avoiding a steep slope, it is considered 
justifiable to increase the length of a road by curves as 
much as fifteen times the vertical height avoided by the 
detour. Deviations from the straight line are often neces- 
sary also for the purpose of connecting towns which lie 
near the line of route. 

Geological Considerations.— In addition to the con- 
siderations mentioned above, the question of the extent to 
which gradients can be diminished by curves or cuttings is 
often determined by the geological structure of the country. 
The cost both of construction and maintenance of roads 
may be considerably increased by neglecting to investigate 
the geology of the area traversed. For this purpose both 
the nature of the rocks as well as the direction of their 
stratification must be taken into account. Where the road 
follows the natural surface of the ground, the stability of its 
foundation is largely influenced by the nature of the under- 
lying rock. Bogs and marshy swamps present difficulties 
which ought particularly to be avoided, and all ground liable 
to floods should be carefully noted. Even in strata which 
are apparently solid and homogeneous the presence of 
springs may cause certain portions of a road to be con- 
tinually wet. This difficulty is more especially common at 
the junction of pervious and impervious strata. It is 
usually the case that geological boundary lines coincide 
with marked changes in contour; so that a change of 
gradient is generally one of the consequences resulting from 
a change in rock formation. It is, therefore, important to 
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know exactly where the boundary lines of different strat 
intersect the line of a proposed road. 

It also follows from the above considerations that a con- 
tour road will in general keep more closely to one geological 
formation, that is to say, it will run along the line of outcrop 
of the strata; while a road which crosses successive out- 
crops will be marked by irregular gradients, which may 
entail considerable expense in cuttings and embankments. 
The nature of the rock must in this case be carefully 
examined; for it may happen that the cost of cuttings may 
be more than counterbalanced by the value of the rock for 
subsequent use in the construction and repair of the road. 
In this case a cutting would be more advantageous than a 
detour or a surface gradient. 

In making cuttings geological considerations often deter- 
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Road Cutting on Hill Sides, 

mine the best direction, especially on hill sides,- where it 
might at first sight seem to be immaterial on which side of 
the hill it should run. In the accompanying illustration 
(fig. i8) we have road cuttings in inclined strata on each 
side of a hill. Such strata are extremely liable to slips, one 
bed sliding over another in the direction of the dip. This 
is more particularly the case after the action of frost or 
heavy rainfall, and when the strata consist of alternations 
of permeable rock with seams of impermeable clay. The 
amount of inclination of the strata is also important in this 
respect. All rocks have a certain angle of repose, beyond 
which they will not stand in a cutting or embankment ; so 
that if the angle of dip exceed the angle of repose for the 
particular rock in question, there will be a danger of the 
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e of slips. It will now be seen how this question 
influences the proper position of a road. If the cutting is 
made towards the rise of the beds, i.e., on the right hand 
side of the diagram, there can be no possible danger of 
shps ; but if the left hand side is chosen, the side of the 
cutting will be a source of continual trouble and expense. 
Not only in hill-side cuttings, however, but also in other 
cases the dip of strata must be taken into consideration 
before a proper estimate can be formed of the expense 
which will be incurred. In fig. 19 it is obvious that if the 
dip of the strata is greater than the angle of repose, that 
side of the cutting which is towards the rise of the beds will 
need to be benched back, as in the diagram, until the slope 



Fig, 19. 
Road Cutting in Inclined Strata. 

of the cutting is less than the angle of repose of the strata. 
This of course involves an increased expense in excavation, 
which should be taken into consideration when weighing 
the advantages and disadvantages of certain lines of route. 

Cost of Construction. — There are, therefore, many, 
and often diverse, elements to be taken into account in the 
location of roads, but all of these are practically included 
in the question of cost. Given unlimited powers of expen- 
diture and there will be found few natural obstacles which 
cannot be overcome by engineering skill. In practice, 
however, the money which is available for road construction 
is limited by the locality and the class of traffic which is to 
be accommodated. The engineer, therefore, in selecting a 
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road site, has to bear in mind the question of expense, 
which may conveniently be sub-divided into the following 
items : — 

1 . Surveying and clearing the ground. 

2. Drainage. 

3. River crossings. 

4. Improvement of natural gradients by cuttings or 

embankments. 

5. Construction of the road. 

6. Incidental works, such as hedging or fencing. 

7. Future cost of maintenance. 

A great deal, therefore, depends upon the proper selection 
of the line of road and the avoidance of obstacles entailing 
unnecessary extra expense. At the same time, it is not 
always wise to cut down the initial outlay to the minimum 
amount possible. It may happen that the result of such a 
mistaken policy is to supply a road which is for all time a 
source of trouble and expense, involving both excessive 
wear and tear on horses and vehicles, and a loss of time 
and money to the community, all of which might have been 
avoided by a small amount of extra cost in the original 
construction of the road. 

The better plan is to select the route, if possible, in such 
a manner that, while keeping within the limits of expenditure 
necessitated by the circumstances of the case, future im- 
provements may be made in the way of shortening distance 
by cutting off curves, or in any other way which the ground 
affords. The re-location of unsatisfactory portions of existing 
roads is one of the improvements which is sadly needed 
both in this and other countries, and forms a striking illus- 
tration of the necessity for the greatest care in the first 
laying out, errors in which are in many cases the cause of 
the unsatisfactory condition of some roads in the present day. 

Laying out the Line of a Road. — Having now 
directed attention to some of the points affecting road sites, 
it remains to illustrate these points further by explaining in 
greater detail the course of procedure to be adopted in the 
preliminary stages of road-making. In the first place a 
contoured map gf the ground mu§t be carefully examined, 
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and the general direction selected which appears to be best 
suited to all requirements, due consideration being given to 
any divergence necessary to include neighbouring centres of 
population, or to avoid physical difficulties suggested by the 
shape of the ground. 

Certain points will at once present themselves to which 
it will be desirable, in any case, to bring the line of road. 
Thus, in crossing a range of hills, the lowest col, if not too 
far from the direct line, and if easy of access, will be a point 
to which the the road should converge. In crossing river 
channels, again, there are generally certain places which 
offer exceptional facilities for the construction of bridges. 
Such points as these may be called ruling points^ because 
they mark localities through which the road must be made 
to pass, and which, therefore, largely determine its direction. 

The primary ruling points having been thus determined, 
the next consideration is to select the best course towards 
them, for which purpose secondary features must next be 
considered ; amongst the most important of which will be 
the question whether the road is to follow surface gradients, 
or whether embankments and cuttings will be required. In 
the former case, the chief point to determine will be how 
far it will be possible to keep the gradients moderate, 
without unduly lengthening the road. Except for special 
reasons, such as the geological points already mentioned, 
cuttings and embankments should only be adopted when 
there is such a clear and substantial gain as will justify the 
greater outlay involved. Contour roads may at any future 
time be straightened by cutting across the curves without 
interfering with the regular course of traffic. No rule, 
however, can be laid down, and each particular case must 
be judged solely upon its merits. 

In general, all the cases which are likely to arise in 
practice fall under three principal heads, viz. : — 

1 . Where the points to be connected by a road lie in 

the same valley and on the same side of it. 

2. Where they lie in the same valley, but on opposite 

sides of it. 

3. Where they lie in different valleys, with one or more 

intervening watersheds. 
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The first case is, of course, the simplest, as there will 
generally be no very large streams to cross. The accom- 
panying example will illustrate this case. A cross road, 
fig. 20, is required to be made from X to Y, following the 
shortest line, while avoiding any gradient steeper than 
6 deg. Here X Y are the only ruling points. Since the 
scale of the map is i in. to a mile, and the contours are 
normal, the vertical interval is, by the rule already stated, 
60 ft. Now 6 deg. is a gradient of i in 10 ; that is, 60 ft. 
in 600 ft., or 200 yards. We must therefore cross the 




Fig, 20. 
Scale I inch to a mile ; Contours normal, 

contours in such a direction that the length of road inter- 
cepted between the contours must in no case be less than 
200 yards, measured on the map scale, that is, '23 in. (see 
normal scale of slopes, fig. 16, in the last chapter). The 
straight line between X Y shows that the slopes at A B C 
are too steep ; but by deviatin?, as in the dotted line, in 
order to cross these contours diagonally, the road is kept 
within the required limits of gradient. 

It may sometimes be necessary, in order to avoid too 
steep a gradient, to overshoot the point at which the road 
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is to terminate, for example, in fig. 21, it is supposed that 
the shortest road is required between Q and P, no gradient 
exceeding 5 degrees. Here the scale of the map is 6 in. to 
a mile, and the vertical interval is 20 ft. Now, 5 deg. is i 
in 12.' Therefore, the horizontal equivalent for 5 deg. is 
240 ft. or 80 yards. The contours must, therefore, be 
crossed by the road so that the length intercepted is no- 
where less th^n 80 yards on the map scale. The straight 
line is obviously again inadmissible ; but the road may be 
kept within the required limits of gradient by following 
either of the dotted lines, of which that on the right hand 
is obviously the shorter in distance. 

These examples will sufficiently illustrate the methods to 




Fig. 21, 
Scale 3 inches to a mile. 

be followed where no intervening ruling points need be 
considered. Under the second head, where an intervening 
river has to be crossed, the point of crossing will be a 
ruling point, which should be selected with great care before 
the general line of the road is determined. The importance 
of this precaution cannot be exaggerated, as nothing spoils 
a road more than a badly-chosen bridge approach. Of 
course, in some cases there will be no great difficulty, the 
river, perhaps, presenting equal facilities for crossing at all 
points near the line of route. In other cases, however, the 
presence of river terraces, treacherous or precipitous banks, 
or other causes, will restrict the facilities for crossing to, 
perhaps, one point. We will suppose that A B, fig. 22, is a 
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favourable point for the position of a bridge. Now, if the 
road has already been laid out along D C, in order to 
approach the river at A, a curve is necessary ; and if the 
direction of the road on the other side of the river is re- 
quired to be towards E, on tlie right of the spur indicated 
by the contours, a second curve will be necessary on 
leaving the bridge at B, unless the obviously bad plan is 
adopted of crossing the river diagonally towards H, The 




River Crossing. 



curve at B is even more objectionable than that at A ; for 
whereas the part of the road D C A is nearly level, being, in 
fact, parallel to the contour, the part B £ is on a steep 
gradient 

If the bridge at A B is made a ruling point, before the 
road is located, it will be possible to secure a straight road, 
as indicated by G F. This course is preferable, even if 
it involve a considerable cutting in crossing the higher 
contours. Bridge approaches should be free from sharp 
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curves and steep inclines, and no river should be crossed 
diagonally. 

The third case, />., when the road crosses one or more 
watersheds, presents two variations. The route may either 
lie across the valleys, as in a coast road, or a road running 
along the foot of a range of hills, or it may follow the main 
valley and cross the watershed at its head. In the former 
case, when the road crosses several valleys, with intervening 
ridges, it is obvious that, if suitable gradients are to be 
preserved, either the crests of the hills must be cut through 
and the valleys filled up, or the road must be contoured on 
the hill sides, involving a greater length. This case has 
already been illustrated in fig. 17; and the course to be 
adopted will be mainly determined by the expense involved 
in constiucting the straighter road. The most, favourable 
case is when the necessary cuttings as nearly as possible 
balance the infilling of the hollows. 

Where the road follows the main valley, and crosses the 
watershed at its summit, the lowest point of the watershed 
becomes a ruling point. The gradients often vary consi- 
derably on opposite sides of the watershed, and a descent 
on the far side may only be possible by a zigzag path. 
Cuttings at high elevations should be avoided both on 
account of the difficulty in keeping the slopes in repair 
and also on account of the danger of snow drifts. 

In all cases it is worth while to pay attention to the 
following rules in selecting road lines : — 

1. Where ascents must be made, ascend continuously, 

and do not lose levels, which have been once 
gained, by. counter-grades. 

2. On a long incline make the first portion* steepest, 

and, if possible, break the gradients by level 
stretches in between. 
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CHAPTER XV 

Calculation of Volume of Excavations, — Level- 
ling. — Cuttings and Embankments, — Form of 
Cross Section of Road Beds, 

Calculation of Volume of Excavations. — When the 
line of road has been determined in accordance with the 
principles which have been laid down, careful survey of the 
ground must be made, as a result of which the first location 
is often altered somewhat. Deviations may be found to be 
necessary for the purpose of avoiding difficult ground, or, 
in the case of cuttings, to secure a proper balance between 
excavation and embankment. The latter point cannot be 
secured without first calculating the quantities of earth to 




Fig. 23. 
Calculation of Solid Contents of Excavations or Embankments. 

be removed. This may be done with sufficient accuracy 
by reference to tables familiar to engineers. For those, 
however, who have not access to such tables, the following 
method will be founds useful. Let A B C D, fig. 23, 
represent a profile or section of any cutting. By drawing 
the perpendiculars, C E and D F, the area of the figure is 
broken up into the rectangle C F, and the right-angled 
triangles, B E C, A F D, which are readily calculated. 
Now, any alteration of the depth of the cutting will involve 
a proportionate alteration in the area. Thus, if the depth 
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is doubled, the area of the trunk or rectangular portion is 
also doubled; but that of the triangular portions will be 
increased four times. In other words, the area in the latter 
case varies as the square of the depth, as is evident from 
the figure. If the depth of the cutting, A C D B, therefore, 
be taken as i ft , the area of a cutting 5 ft. deep will be 
made up of the sum of ^\e times the area of the rectangle, 
C E F D, and twenty -five times the area of the triangles, 
B E C, A F D. 

Knowing the area of a profile, the cubic content will be 
found by multiplying this area by the length of the cutting. 
If the cross section changes, the cutting must either be 
divided into lengths having the same profile, or an average 
profile must be drawn at some intermediate point The 
volume of an embankment will not generally be the same as 
that of the cutting from which the earth was taken. 

Light sands occupy about the same space in excavation 
and embankment ; but clays occupy -^^ less in embankment, 
gravels about yV ^^ss. Large rock fragments, on the other 
hand, occupy about 1^ more, and in small fragments |- 
more. These estimates will, however, vary somewhat 
according to whether the earth is shot from carts or from 
wheelbarrows, the former producing greater compactness 
than the latter. 

Levelling. — When every circumstance has been duly 
considered, and the line of road finally determined, the next 
step is to prepare the road-bed. The proposed course is 
first marked out by driving a stake into the ground, at 
intervals of one chain, along the centre of the future road- 
way. Levels are then taken along the line, from which a 
working section is constructed. This should be on a large 
scale, the horizontal scale being not less than 7^9-0 o> or 5 
chains to the inch, and the vertical scale ^toj or 20 ft. to 
the inch. On this section the position of all necessary 
cuttings, embankments, bridges, or culverts can be shown, 
with their dimensions ; the depth of cuttings and height of 
embankments being given with reference to the formation 
surface^ which is the level to which the surface of the ground 
is to be formed to receive the foundation of the road. 
Upon this working section other information can be 



l6: 



kOAD-MAKlNG. 



subsequently put, such as the cubic contents of cuttings or 
embankments, and the angle of slope necessary for each. 
A working plan is then constructed on the same scale as 
the section, on which will be shown the position of the 
centre stakes, the width required for the road, and the extra 
width necessary for slopes. These widths are then set off 
on the road by rows of stakes, when the side lines can be 
marked off by cutting a continuous furrow, about 5 in. wide, 
called a " lock spit," from stake to stake along the margins 
of the road. The changes of gradient are then indicated by 
stakes having a cross piece, which are brought to the proper 
height of the formation surface at convenient intervals. 
This may be conveniently done by means of "boning 
staves" and pickets. The former are pieces of wood, 
having a cross piece on the top, and of uniform length, say 
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Fig. 24. 
Simple Method of Levelling, 

4 ft. (see A, B in fig. 24). When these are brought to the 
desired slope, pickets are driven into the ground at inter- 
vening points, and adjusted to a uniform level below the 
line of sight between the tops of the boning staves, by 
means of other boning staves held so that the tops coincide 
with the line of sight through A, B. Of course, where deep 
cuttings have to be made, this proceeding must be delayed 
until the cutting has nearly reached the desired level. The 
formation surface can then be made to the desired slope by 
cutting or filling the ground to the levels indicated by the 
pickets. The marginal stakes are then brought to the 
proper level to allow for the required amount of fall from 
the centre of the road. 

Cuttings and Embankments. — Before commencing 
the cuttings, trial pits should be sunk at intervals along the 
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line in order to determine the nature of the rock material, 
the slope at which the sides will stand, and also the slope 
at which the material will stand in embankment. Even 
rocks which will stand at a high angle of inclination should 
be excavated so that the slopes are at least i in 2, in order 
that the road, when finished, may have a sufficient amount 
of air and sunshine to keep its surface dry. In deep 
cuttings this proportion may be conveniently increased 
and the sides may even be benched with advantage. Where 
long slopes are necessary for stability it may be cheaper in 
certain cases to lessen the slope and secure the sides by 
retaining walls. This is more particularly the case where 
material for stone walls is plentiful. In such localities 
short stone walls at the foot of the slope may be useful in 
preventing rain-wash from the sides of the cutting from 
being carried on to the road. In other cases this end may 
be secured by sodding the sides of the cutting, or by 
sowing with grass seeds. 

Embankments are generally constructed from the material 
derived from cuttings, and the angle of slope of the em- 
bankment will depend upon the nature of this material and 
its proper angle of repose. 

The following table gives the natural slopes of some 
common kinds of earth, the angles being, with reference to 
the horizontal plane : — 

* V Ww ^^dV ••• ••• ••• ••■ 

VY d s&nci ••• ••• ••• ••• 

Vegetable soil 
Dry sand 
Shingle 

vJXCIVCa ••• ••• ••• ••• 

Rubble 

Well-drained clay ... 

Compact earth 

Compact rocks will stand in cuttings at higher angles than 
these. Chalk and limestone will often stand with a vertical 
face, and likewise sandstone, provided in each case that 
highly inclined jointing or bedding planes do not dip 
towards the face of the cutting, 
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On hillside ground, where the slope is not too steep, one 
side of the road is generally in cutting and the other in 
embankment. On steep slopes, however, where the inclina- 
tion is greater than i in 2, embankments would be too un- 
stable, and the whole road must be in cutting, with the 
addition, when necessary, of retaining walls. All slopes 
should be trenched before embanking upon them, in order 
to give the necessary amount of support to the foot of the 
embankment. 

Before commencing an embankment, all vegetable soil 
should be removed from the area on which it is to rest, and 
all perishable matter should be carefully excluded from the 
materials employed for its construction. The earth should 
be deposited first on the outside margins, and the section 
should be kept concave by having the bottom slightly 
narrower and the top slightly wider than is finally desired. 
It can afterwards be trimmed to the proper slope. 

The allowance which must be made for settlement de- 
pends both upon the nature of the material and the way in 
which the embankment is constructed. Properly speaking, 
the earth should be deposited in layers of not more than 
4 ft. each, and well rammed before the next layer is de- 
posited ; but in practice this is seldom done. On wet, 
marshy soils some artificial foundation is necessary. This 
may consist of layers of brushwood, or the wet ground may 
be excavated and filled in with sand or gravel. The foot of 
embankments can be further secured, if necessary, by a low 
stone wall, or by the excavation of a trench along the outer 
margin. With such precautions the allowance for settle- 
ment need not exceed more than from i in. to 2 in. per 
foot in height. 

In the event of a failure to balance exactly the cuttings 
and fillings, any deficiency of soil for embankments must 
be made good by side aittings made at some favourable 
spot; while any surplus material over and above what is 
required for embankments is deposited in a spoil bank, 
situated at a distance back from the slope of the cutting, on 
the lower side of the hill contours. 

Form of Cross Section.— There is some difference 
of opinion as to whether the formation surface should be 
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convex or flat. Telford's practice was to make the road- 
bed flat, the final convexity of the surface being obtained 
by a thicker road coating in the centre. Some engineers 
still favour this plan, while others prefer to grade the 
road-bed parallel to the finished surface. Probably if the 
road-bed is impervious, a convex surface would ensure 
better drainage, although practically the road metal becomes 
so merged into the bed that there is no marked plane of 
division between them. It must be remembered also that 
the Telford road, with its hand-set substratal pavement, has 
a natural sub-drainage, which to some extent obviates the 
necessity of a convex bed. One great advantage of a 
convex bed, however, is that it enables the same thickness 
of metal to be laid over the whole road, instead of having a 
thick layer only in the middle. 

There is also considerable difference in modern practice 
as regards the width of roads. Too wide a road is not only 
more expensive to construct but also may involve a greater 
annual cost in repairs. At the same time it must not be 
supposed that, within reasonable limits, the expense of 
metalling is directly proportional to the road width. With 
equal traffic a narrow road wears more than a wide one, 
in which the traffic is distributed over a larger area. 
Theoretically, therefore, a road of reasonable width should 
not cost more for repair than one on which all the wear is 
concentrated upon a narrow track. 

The statute turnpike roads of England were required to 
be laid out 66 ft. wide, of which 22 ft. were metalled. The 
same width is laid down for French roads of the first class. 
The Telford specification provided for a central portion 
18 ft. wide, metalled with hard stone, and a further width of 
6 ft. on each side, coated with gravel. It is evident, 
however, that a hard and fast rule cannot be laid down, a 
great deal depending on the nature of the traffic. In the 
vicinity of important towns a width of 30 ft, with a 6 ft. 
footpath on each side, is necessary ; and even 34 ft. will be 
sometimes required ; whereas in a country road a sufficient 
width to enable two vehicles to pass one another easily is 
alone needful, for which purpose 18 ft. will be enough. 
Whatever width may be adopted, the road-bed should not 
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be excavated until afler the embankment has been made up 
to the full height. 

The accompanying diagrams will illustrate forms of the 



sJHi 



cross section which will be found convenient in certain 
cases. Of course, the exact shape of the cross section will 
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be excavated until arter the embankment has been made up 
to the full height. 

The accompanying diagrams will illustrate forms of the 



cross section which will be found convenient in certain 
cases. Of course, the exact shape of the cross section will 
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depend to a great extent upon the kind of road which is to 
be made. This may be one of the following varieties :— 

1. Natural earth surface. 

2. Gravel road. 

3. Broken ston? road, without foundation, 

4. Broken stona road, with foundation. 

5. Paved road. 

For the present it will be assumed that a broken stone 
road, without special foundation, is required, the other cases 
being deferred to subsequent chapters. 

In fig. 25, the road-bed rests upon the natural surface of 
the country, without embankment or excavation, and the 
vertical scale is largely exaggera'^ed for the purpose of 
showing more clearly the relations of the different parts. 
The road-bed, in this case, is shown raised above the natural 
surface to a height of 12 in. at B, and 6 in. at C, the 
necessary material for which is obtained by the excavation 
of the side ditches. The object of this is to secure more 
efficient drainage, and also to form the required slope of the 
road surface, which amounts to about one inch in 3 ft. The 
dimensions of the side ditches are 7 ft. at the top, i ft. at 
the bottom, and 2 ft. in depth. The metalled portion of the 
road is 18 ft. wide and 6 in. deep, and in addition there is 
an unmetalled portion, 8 ft. wide on each side, A C in the 
figure. There is also a ledge or berme, of a similar width, 
for the purpose of planting trees or hedges. It may, how- 
ever, be stated that some engineers prefer that all planting 
should be done on the far side of the ditch. 

In fig. 26 we have a section of a road-bed on a hill side. 
In this case the vertical and horizontal scale are the same, 
and the true proportions are therefore shown. The road in 
this case is partly in cutting and partly in embankment, 
the dotted line, representing the natural slope of the ground. 
The slope on which the embankment is deposited has been 
benched to afford a proper amount of support, and the 
embankment has been constructed with a suitable angle of 
slope, in this case in the proportion of i J horizontal to i 
vertical. The road-bed is also made to slope slightly 
iawards towards the hill side, the fall being i ft. vertically 

M 
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in the whole horizontal width, 34 ft,, of the roadway. The 
amount of the road in cutting should be made to balance 
the quantity of material required for the embankment. The 



reason for sloping the road inwards is to prevent the water . 
running off the road down the embankment, which would 
thus quickly be worn into gulHes. To carry off the surface 
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drainage a shallow ditch, 3 ft. wide at the top, and i ft. 
deep, is constructed along the inner margin ; and, in 
addition, the side of the cutting has a catch-water drain, 
situated 6 ft. from the edge of the cutting, to take off the 
drainage from the hill- side above the road. As in the last 
example, only i8 ft., in the centre of the roadway, are 
excavated for metalling. 

In figl 27 the road is altogether in cutting, the dotted line 
representing the natural surface of the ground. The slopes 
of the sides of the cutting do not correspond, each being 
made to suit the particular circumstances of rock structure. 
The dimensions are similar to those in fig. 26 ; but in this 
case the road surface slopes from the centre to each side, 
where there is a ditch to receive the drainage. The amount 
of fall is 6 in. in 17 ft., half the width of the roadway, and, 
as before, only 18 ft. are metalled. 

In fig. 28 the road is in embankment, the height of which 
is 4 ft. at the margin and 4 ft. 6 in. in the centre, thus 
giving the necessary slope for surface drainage of 6 in. in 
1 7 ft. The slopes of the embankment, as before, are made 
in accordance with the angle of repose of the materials, and 
are usually in the proportion of i ft. 6 in. horizontal to 1 ft. 
vertical. 

Fig. 29 represents a road section of a somewhat different 
type to the preceding. The metalled portion is 19 ft. wide, 
and on each side there is a gravel or grass margin 6 ft. wide, 
and a ditch 5 ft. wide at the top and about 20 in. deep. 
The curvature in this case is i J in. per yard. 

In all the above-mentioned examples the dimensions 
given must not be considered absolute. Considerations of 
locality, trafldc, and expense will always necessitate variations 
in respect of the width and nature of country roads. 

We have next to consider the preparation of the road-bed 
to receive the covering of road metal. 
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CHAPTER XVI, 

Drainage, — Influence of Subsoil, — Influence of. 
Springs, — Types of Drains, — Culverts. 

Drainage. — When the road-bed has been excavated to 
the required dimensions and contour, there still remain 
some important details to be attended to before the coating 
of metal is laid down. In the first place the bed must be 
rendered as hard and compact as possible by rolling it well 
with a heavy roller, of 15 tons weight, all depressions being 
carefully filled up, and the whole rolled again until quite 
firm. The process of rolling will usually cause a certain 
amount of flattening of the crown of the roadbed, for 
which reason it should at first be made with a greater 
convexity than is finally required, in order that when rolled 
it may have the desired curvature. The amount of curva- 
ture which the bed should have has already been discussed, 
the convexity being limited to the smallest possible amount 
necessary to secure surface drainage. Where the road has 
a natural gradient the necessity for any marked convexity 
does not exist; but a perfectly level road will naturally 
require a certain amount of camber to enable surface water 
to escape into the gutters or ditches. It may be necessary, 
therefore, to vary the convexity of the bed to suit the re- 
quirements of changes in the gradient. 

Influence of Subsoil. — At this stage, also, it is ad- 
visable to consider the question of under-drainage, which is 
sometimes of more importance than even the drainage q£ 
the upper surface of the road. The necessity for suti>- 
drainage depends to a large extent upon the nature of the* 
subsoil upon which the road-bed rests, and also upon its. 
relation to the natural drainage of the surrounding country. 
Sandy subsoils, being porous, offer but slight resistance to 
the free percolation of water, and, as a general rule, do 
not present any great difficulty in the way of drainage. 
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especially if the natural drainage falls away from the line of 
the road. Sands, also, unless saturated with water, and in 
the condition of what are called " running sands," are not 
so much affected as regards stability by the presence of 
moisture. Damp sand, in fact, is more capable of resisting 
the pressure of heavy loads than when quite dry. It is, 
however, quite otherwise with clay soils, which are naturally 
retentive of moisture. Although they are not readily satu- 
rated, when that state is reached they become most unstable, 
and quite incapable of supporting heavy pressures.. The 
access of water to a clay subsoil tends to convert it super- 
ficially into a semi-fluid mass of soft mud, which is not 
a desirable foundation for a road to rest upon. The 
impermeability of clays, however, facilitates the removal 
of water by proper drainage before it has time to soak into 
and soften the substratal portions of the road. The worst 
kind of subsoil to deal with is silt, which, while nearly as 
retentive as clay, is at the same time very absorptive. 

When, therefore, the road-bed consists of any substance 
which is liable to become sodden with water, steps must be 
taken to remove the water by efficient drainage. Much 
trouble has been caused by want of attention to this im- 
portant detail. A wet substratum cannot give a firm, 
unyielding foundation, and will invariably destroy the 
efficiency of the road under the pressure of heavy traffic. 
The action of the water will be twofold. The natural co- 
hesion of the road-bed will be mechanically weakened, 
and the chemical disintegration of the road metal will be 
hastened. The presence of imprisoned moisture in the 
road foundations is also a grave source of danger during 
winter frosts, and may lead to the complete disintegration 
of the road itself by the expansive force exerted by water on 
freezing. This effect is reduced to a minimum if the road- 
bed is kept diy. 

The necessity for sub-drainage will arise chiefly in those 
places where the roadway intercepts the natural drainage of 
the country, in which case even the most permeable sub- 
soils may be continually wet. Surface water should not 
percolate a well-constructed road to any serious extent ; 
and, even if it does, if the road is constructed on the 
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Telford principle, there is already a very efficient sub- 
drainage provided by the substratal pavement. Even the 
common type of macadamised country road, if well com- 
pacted and with proper surface drainage, should afford very 
little interstitial space for the percolation of water to the 
lower portions. 

Where the subsoil is naturally wet, access of water to the 




Fig. 30. 
Double Marginal Drain. ' 

road-bed should be prevented by drains placed in a favour- 
able position to intercept the underground circulation of 
water. In the consideration of this point three cases will, 
in general, present themselves. In the first case, the only 
way to keep the road-bed dry is to place a longitudinal 
drain on each side of the roadway, as in fig. 30. This will 




Fig. 31. 
Single Marginal Drain. 

be necessary when there is no well-defined flow of water 
from either side. In the second case, where there is a 
regular flow from one side of the roadway to the other, as 
frequently occurs in contour roads on a side slope, it may 
be sufficient to place a single longitudinal drain on the side 
from which the water comes, as in fig. 31. Lastly, the 
subsoil may be of so retentive and wet a nature as to 



CONSTRUCTION. I73 

necessitate a system of drains under the road-bed itself, 
which may be accomplished in several ways. 

The simplest plan is to run a central drain under the 
middle of the road-bed, as in fig. 32, connecting it at 
suitable intervals with the side ditches by means of cross 
drains. In other cases it may be more desirable to cut 
transverse drains across the roadway, at a distance apart 
depending upon the degree of wetness of the subsoil. In 
extreme cases they may be at intervals of 20 ft., but this 
distance may be increased considerably in drier ground. 
The effectiveness of such a system of drains depends chiefly 
upon the facilities with which the subsoil yields its water. 
Thus in sandy or gravelly beds the influence of a drain may 
extend. to a distance of 12 yds. or more, while in more 
retentive rocks this influence will not extend to as many 
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Fig. 32. 
Central Drain. 

feet. The reason for this is clear, for the freer the 
percolation the more nearly will the entangled moisture 
behave like a free surface of water, and the more readily 
will it find its way to the level of the drain. It is generally 
held that for the most efficient drainage the following 
distances should be preserved between the drains in sub- 
soils of various kinds : — 

Porous subsoils (sand or gravel)... 30-40 ft. 
Medium subsoils ... ... ... 20-30 ft. 

Heavy retentive clays ... ... 12-20 ft. 

No fixed rule can, however; be laid down. The nature 
of the soil must be carefully considered at every point where 
drainage is necessary, and dealt with according to the 
circumstances of the case. 

Where the road is level these transverse drains may be 
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made to run straight across, at right angles to the axis of 
the road, and, of course, they must be constructed so as to 
discharge into the side ditches. For this purpose they 
must have a fall from the centre of the road-bed. Where, 
however, the road has a steep gradient, it is better to make 
the transverse drains V"Sbape, with a very flat vertical 
angle, the apex being in the middle of the roadway and the 
limbs running in the direction of the fall. The vertical 
angle is so regulated that the bottom of the drain has only 
the small fall necessary to carry off the water. These 
drains are sometimes called cross mitre drains. 

It is not necessary that properly constructed drains 
should have a greater fall than i in loo, as the tendency to 
silt up will be obviated by the special methods adopted to 
prevent any infiltration of earth, which will be presently 
described. The fall will, of course, depend somewhat upon 
the size of the drain and the amount of water it is required 
to carry off; but in any case too rapid a faU is to be 
avoided, owing to the danger of displacing and choking the 
drains by a swift current of water. 

Where the road is in embankment care must be taken to 
prevent water from running down the face of the slope, 
which would in this way be soon worn into gullies. Under- 
drains are seldom necessarv in embankments unless the 
foundation is particularly wet and swampy. The surface 
water is conducted from the side channels of the roadway 
by occasional culverts into the nearest watercourses. 

In cuttings, the open ditch at the foot of the slope is 
liable to silt up from rain wash carried down from the face 
of the excavation. It is therefore preferable in such cases 
to substitute covered drains, of a type similar to those 
about to be described, instead of open gutters. Of course, 
these side drains must be ultimately discharged into natural 
watercourses, which may be accomplished by culverts 
running under the road bed at suitable points. It is also 
advisable, in addition to the above-mentioned drain at the 
foot of the slope, to prevent the side of the cutting from 
being gullied by surface water running down from the 
higher ground above. This is effected by what are termed 
catch-water drains^ made on the upper side of the cutting, 
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at a distance of at least 6 ft. from the edge of the excavation 
as shown in the hill- side road section given in the pre- 
ceding chapter. These may be connected at intervals, 
obliquely along the face of the cutting, with the culverts 
which carry off the water from the road gutter. 

Influence of Springs. — Springs are not infrequently 
tapped in excavating cuttings, and these become a source 
of constant danger to the stability of the slopes. In such 
cases the slope should be further excavated at the point 
where the wetness appears, until, if possible, the source 
of the water is reached. This may often be determined 
by a careful inspection of the nature of the rocks in the 
cutting, as springs usually have a well-defined geological 
origin, marking either the junction of permeable and 
impermeable strata, or else lines of fault or fracture in the 
rock. When the source has been reached, an outlet is 
provided for the water by drains constructed of brushwood 
laid in a trench and covered up with sods placed upside 
down. The trench is then filled in again and well rammed. 
In this way the water from the spring may be conducted 
into the roadside drain without injuring the face of the 
cutting. Instead of brushwood or fascine drains broken 
stone or blind drains, as described later, may be used if 
preferred. Sometimes, however, it may be impossible to 
trace the moisture to a single source, the whole face of the 
cutting being saturated for some distance. The treatment 
in such cases may involve considerable difficulty. A series 
of broken stone drains may be run up the sides of the 
slope at short intervals, like inclined retaining walls, and 
supported by buttresses projecting into the slope. The 
front face of the drains is covered with inverted sods, and 
the face of the cutting is made good with earth well com- 
pacted. Such drains must be carried high enough to carry 
off all moisture which appears on the face of the cutting, 
and they must be sunk well below the road level to ensure 
a secure footing. In other cases it may be considered 
preferable to construct a broken stone drain parallel to the 
axis of the road, on the top surface, above the slope of the 
cutting, and at a depth sufficient to intercept the source 
of the water, and divert it from the face of the slope. 
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Types of Drains.— Such are some of the more com- 
monly occurring cases in which systematic sub-drainage 
may be necessary. It may be useful now to illustrate some 
types of drains which may be employed for road purposes. 
Of course open ditches are in themselves drains, and if 
made of sufficient depth and kept clean and free from 
vegetable growth, they may render unnecessary any other 
form of under- drain age, unless the subsoil is of an excep- 
tionally moist and retentive nature. Of covered drains the 
simplest and cheapest form is that known as a /ilind drain, 
which consists simply of a trench excavated to the required 
depth and shape and filled in with Jarge rounded pebbles, a? 



 34- 



shown in fig. 33. To prevent earth from washing in and 
choking the spaces between the pebbles the top should be 
covered first with a layer of smaller stones, and then with a 
layer of coarse gravel, by which means the water is filtered 
before passing into the parous mass beneath. Angular 
stones would not be so suitable for the purpose as pebbles, 
since the interstitial space would be thus reduced. The 
filtration is sometimes eflected by a layer of straw or inverted 
sods, but these are not so permanently efficient as the above. 
For general use the ordinary agricultural tile drain is con- 
venient. These are set in the bottom of the trench, with 
open joints to facilitate the entrance of the water, and are 
held in place by stones wedged around them as in fig, 54. 
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The trench is then filled in in the same manner as in the 
blind drains, in order to protect them by being choked by 
silt. In some localities where thin bedded, flat stones are 
easily obtained, ihe tile drains may be further protected 
from earth wash by covering them with the flat stones in the 
form of a roof. The drains may present difficulties at the 
outfall, where they discharge into open ditches, both from 
the ease with which they disintegrate from the action of 
frost when saturated with moisture, as well as from becoming 
choked from various causes. All drains with open joints 
are liable to be choked by the roots of trees, more especially 
the willow, ash, poplar, and elder, a point to be borne in 



Tin. 35. Fig. 36. 

Bos Drain, Square. Box Drain, Triangular. 

mind in planting hedgerows. As (he choking or perishing 
of such drains involves considerable expense in taking up 
the road before Ihey can be repaired, care should be taken 
to select only well- made and durable tile drains, which 
should not be of too porous a nature. If the older form, 
or U-shaped tile drain is used, it should be placed with the 
opening downwards upon a flat sole, placed so as to break 
joint with the tiles. 

In localities where stone is plentiful and cheap, box 
drains may be constructed, as in figs. 35, 36, of rough 
slabs arranged either in square or triangular form. Drains 
of this kind were at one time extensively used. Of the two 
types shown in the diagrams, the triangular form has the 
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advantage of being more economical of material, and at the 
same time equally efficient as a waterway. The edges of 
the stone being rough and untrimmed, it is still more im- 
portant to exclude any influx of silt from drains of this 
kind. 

The old-fashioned methods of draining heavy clay land 
by wedge or shoulder drains are obviously unsuitable for 
under-draining road-beds, as they would speedily collapse 
under the pressure of traffic. 

When footpaths are to be made along the side of the 
road a channel or watercourse is necessary between the 
road and the path. The mode of construction of this 
channel will be described later. At present it is only 
necessary to call attention to the necessity in such circum- 
stances for running drains under the footpaths to collect 
the water from the channel and deliver it into the ditch, 
since provision must be made for these drains during the 
construction of the road-bed, and before the coating of 
metal is spread. This would not, of course, apply to many 
street footpaths, nor to other cases in which the drainage is 
disposed of, without passing beneath the footpath, by means 
of gullies and sewers. 

Culverts. — Wherever natural drainage channels touch 
or intersect the line of the roadway, culverts will generally 
be necessary for the disposal of the water. These will also 
be required in many cases to carry off the water collected 
in the drains, wherever the latter are inadequate, to dispose 
of the quantity of water which has to be dealt with. The 
free use of culverts has been restricted owing to their 
expense, and many roads have suffered in consequence. 
Pipe-culverts, however, are cheaply constructed, and are 
very efficient, except where the quantity of water is unusually 
large, in which case box or arch-culverts must be employed. 
Pipe-culverts may be made either of glazed sewer-pipe or of 
iron water-pipe. They should be carefully laid, so that 
the pipe is well supported below, and the joints are made 
watertight, to prevent any escape which would tend to 
undermine the bedding and cause settlement and fracture. 
Sinking and displacement of pipes may become a serious 
difficulty when dealing with saturated peat soils or running 
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sands, the best remedy being to provide a foundation of 
wooden planks for the pipes to rest upon. -In road-making 
it is better to avoid altogether such treacherous subsoils, as 
roads constructed upon a foundation of this kind will be 
certain to lead to endless trouble and expense. 

The outfall of pipe culverts should be set in masonry, to 
protect the face of the embankment from wash. 

The size of the culvert will depend upon the quantity of 
water to be dealt with, which must be carefully estimated, 
and is usually a very variable quantity in different localities 
and at different seasons of the year. Formulae have been 
given for rough approximations to the size required for 
culverts, such, for example, as Prof. Talbot's ft>rmula : 

Area of cross section in feet 

= ^ V (drainage area in acres)"*, 

where C is a variable coefficient depending upon local 
conditions. Of more practical value, however, will be 
found ihe following table showing the average discharge 
of pipes in cubic feet per minute. 



Diameter of pipe. 
I in. . 
2 

3 

4 

5 
6 



It 



» 



Fall, I in 50. 
•66 



Fall, I in 100. 

•47 .-. 

267 3:77 

4*67 ... ... 660 

7'35 / io'39 

I5*£0 ... ... 21*22 

2639 ... ... 37-32 

4165 5880 

In all cases it must be remembered that there is nn 
advantage in using the smallest pipes consistent with effi- 
ciency, not only on account of their smaller cost, but also 
of the saving of labour in laying them. 

The consideration of arched culverts, which are, in fact, 
bridges, falls outside the scope of the present work. 
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CHAPTER XVII. 

The^ RoaD'Coa ting, — Natural Earth Surface. — 
Gravel Roads, — Macadam Roads, — Telford 
Roads, — Streets, 

The Road-Coating. — The depth to which the road-bed 
is required to be excavated depends upon the thickness of 
the -metalling which is to be laid upon it. In the road 
sections previously given, a depth of 6 in. was assumed for 
the sake of example, but in the majority of first-class roads 
this depth is considerably exceeded, as will be shown in the 
present chapter, and not uncommonly i6 in., or even more, 
is specified as the depth to which the bed is to be excavated. 
It is very difficult, even if not impossible, to lay down 
definite rules as regards dimensions, as so much depends 
upon local circumstances, such as the kind of road required, 
the amount of outlay which can be incurred, the nature of 
the traffic to be provided for, and other considerations 
capable of infinite variation. For this reason, the road 
student is at first likely to be considerably perplexed by 
the want of agreement in the specifications of different 
engineers, forgetting that these specifications generally 
apply to particular districts, or to a special class of road, 
and are not meant to be of universal appHcation. 

In the consideration of the kind of road-coating which is 
best to adopt, all these points must be remembered. We 
may, for the sake of convenience, classify the different kinds 
of road under the following heads : — 

1. Natural earth surface. 

2. Gravel roads. 

3. Broken stone roads (macadam or Telford). 

4. Paved roads (stone, wood, brick, or asphalt). 

Each of these kinds of road requires special treatment, 
and it will be well to consider them in turn. 
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Natural Earth Surface. — This kind of road is, of 
course, not to be thought of where there is much traffic, 
but may be necessary in the construction of pioneer roads 
in undeveloped countries ; and, moreover, a great many 
are still in existence even in civilised districts. Seeing that 
the majority of the latter are mere tracks, which have never 
received any attention, except in the way of occasional 
repair, it may appear almost paradoxical to speak of the 
construction of such roads. 

We need consider only two types of this kind, viz ^' sand 
roads and clay roads, each of which requires somewhat 
different treatment to secure even an approximation to 
efficiency. In sajid roads, for example, it is a mistake to 
carry drainage too far, since dry sand is not so capable of 
supporting the pressure of traffic as it is when damp. 
These roads, also, should be as narrow as possible, and 
lateral spread should be prevented by abundant vegetation 
on each side of the track. Roadside trees are in this case 
beneficial, not only in assisting to prevent surface drying, 
but also by shedding leaves and twigs which assist in 
keeping the sand together. In their absence a few inches 
of straw have been found advantageous, as it soon breaks 
up into small pieces and performs a similar function. 
Coarse sand is better than fine sand, and roads made of 
this material are better if the sand is spread in thin layers 
of about 2 in. at a time, and well watered and rolled before 
the next layer is added. 

Clay roads, on the other hand, must be thoroughly 
drained, and every effort made to keep the surface dry. 
For this reason, trees and tall hedgerows should not be 
allowed, since both air and sunlight are thus to some 
extent excluded. These roads are improved by the 
addition of a layer of sand, a few inches deep, upon the 
surface. 

In connection with these earth roads it may not be out 
of place to mention the experiments which have recently 
been made in America on the effect of crude petroleum in 
consolidating sands and clays, preventing both dust in 
summer and mud in winter. It is said that good results 
have been obtained where the oil was applied to the road 
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when quite dry, taking care to roll well afterwards, in order 
to spread the oil evenly and force it into the soil. About 
eight barrels of oil were used in the treatment of 200 yards 
of road. 

Gravel Roads. — For light traffic gravel roads may be 
extremely good, and they are also more pleasant to travel 
upon than an ordinary macadam surface. Moreover, if 
properly made they are economical in maintenance, and 
make but little du^t in dry weather. They may be made in 
two ways, either without or with a specially prepared 
foundation. 

To make the former kind, the road-bed is made as 
already described, and carefully graded to the shape of the 
finished road. The drainage is an important matter, and 
should be thoroughly provided for where necessary. After 
rolling the surface of the road-bed a layer of gravel, from 
6 in. to 8 in. thick, is spread over it, and again rolled after 
being well sprinkled with water. When this layer is quite 
firm a second layer, a little thinner, may be applied, and 
again watered and rolled until quite compact. The gravel 
should have a sufficient quantity of loam in it to ensure 
binding. Clean pebble gravel would not consolidate with- 
out the aid of sufficient binding material in the shape of 
clay or chalk, about one part of the binding material being 
used to eight parts of gravel. Too much clay, however, 
will work up into mud or dust. A better result is obtained 
by screening the gravel to three degrees of coarseness. The 
coarsest material, containing stones 2| in. in diameter, is 
first laid about 4 in. thick. After watering and rolling, the 
medium gravel, with 2 -in. stones, is spread to a thickness of 
3 in., and again rolled. Lastly, the fin^t liiateriatis spread 
to form the surface. The thickness of the gravel coating 
varies according to the nature of the road-bed, a thicker 
layer being necessary on wet, impermeable ground than on 
a dry substratum. Angular gravel is the best, and all stones 
larger than 2i in., unless laid in the bottom of the road, 
should be either removed or broken up into smaller 
fragments. 

Gravel roads with a foundation may be made by first 
coating the road-bed with coarse fubble-stone, not mor^ 
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than 9 in. in its greatest dimension, placed in a single layer 
as close as possible. On the top of this a thin layer of 
smaller stone is placed and well rolled with a light roller 
until all the interstices of the rubble foundation are well 
filled up. Upon the top of this the gravel is spread in two 
successive coats, as above, watering and rolling each layer 
until the whole is consolidated. 

Macadam Roads.— Under this head we consider 
roads constructed either on the original Macadam principle, 
without any specially prepared foundation, or on the Telford 
principle with a hard substratal pavement 

Dealing, in the first place, with the unpaved roads of the 
former kind, it must be remembered that Macadam's 
fundamental principle involved the use of small angular 
fragments of broken stone, which, he maintained, could be 
made to bind together by the interlocking of their angles 
without the assistance of any other binding material. For 
this reason he limited the size of the stones which he 
employed to a maximum diameter of about 2 in., or a 
weight of 6 oz. He also distinctly opposed the use of any 
hard pavement beneath the broken stone layer, maintaining 
that the elasticity of the foundation furnished by the natural 
earth bed is an advantage to the wear of the road. These 
principles are not now held by the majority of road 
engineers in England or America, more especially with 
reference to the influence of an elastic road-bed ; but 
in France the natural earth bottom for macadam roads 
has been in greater favour. There are, of course, many 
cases in which the greater simplicity and economy of 
an unpaved road-bed, when compared with the more 
elaborate method advocated by Telford, will be an 
insuperable argument in favour of the former; and the 
following details for the construction of such a road are 
therefore given. 

In the first place, careful attention must be paid to 
drainage ; success cannot be expected if the road-bed is 
not kept dry. The earthen bed must also be brought by 
thorough rolling to a proper degree of solidity, and with 
the required degree of curvature, as already explained. 
The depth to which the bed is excavated will depend upon 

N 
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the thickness of the broken stone layer, in which respect 
there is a great variation in the prevailing practice of experts. 
Macadam aUvf&Ud ft thickness of between 7 in. and 10 in. ; 
but many engineers advocate 1 2 in. or even more for heavy 
traffic. French roads often have a thickness of only 4 in. 
of broken stone, and even for heavy traffic 10 in. is deemed 
sufficient. It is impossible to lay down any fixed rule. 
Where the natural conditions are favourable and the road 
is well made, a thin coating may be more satisfactory than 
a thicker covering in other localities. . 

The road-bed having been prepared^ the broken stone is 
then put on, rfot in one layer, as was once the prevailing 
practice, but in separate courses, each being watered and 
rolled before the application of the next layer. It is a good 
plan to make the bottom course of rather larger stones than 
those above. Upon this a layer, 4 in. thick, of stone broken 
to 2i in. in diameter is placed and well rolled. This, again, 
is covered by a 3-in. layer of 2-in. stones, upon which, when 
consolidated by rolling, a surface layer of 1 1-in. stones, and 
a final covering of i-in. screening-?, are placed, watered, and 
rolled to complete the road. 

Where the road-bed is likely to be wet, a bottom layer, a 
few inches thick, of sand or gravel may be used. This 
should be well rolled before the broken stone is spread. 
Ashes or cinders may also be used for the same purpose. 
A foundation of what is called "hard core," consisting of 
broken bricks, large, rough flints, and Ihc heterogeneous 
products of the domestic refuse heaps, is often placed at 
the bottom of a macadam road, tif which the following may 
be given as an example of the thickness of each layer, in 
order, beginning at the bottom : — 

in. in. 

Hard core 12, consolidated by rolling to 9 

Thames ballast ... 5 ,, „ 3 

2 i-in. broken stone .3 „ • „ 2 

2-in. broken stone... 3 « » 2 

Sand or gravel, a thin layer only, on the surface. The use 
of a hard core foundation brings this class of road very near 
to Ihje Telford road now to be-described. 
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Telford Roads.— This is the ordinat-y macadam cover- 
ing of broken stone, with the addition, as before mentioned, 
of a paved foundation, and constitutes the method at 
present favoured by the majority of English road engineers, 
who do not hold that there is any advantage in elasticity 
below the surface. Experience, also, of the actual wear and 
durability of Telford roads distinctly negatives the argument 
that the road metal is subjected to a greater amount of 
crushing below the surface if it is made to rest upon an 
unyielding pavement. Of course, there are cases in which 
the Telford foundation would be a needless extravagance. 
On a firm, well drained, and hard surface of natural ground, 
in which there is no danger of the lower layers of broken 
stone being worked down into the road-bed by the pressure 
of traffic, it is possible that a pavement would not produce 
an advantage commensurate with its extra cost ; but such 
conditions are rarely to be met with throughout any con- 
siderable length of road. 

In the construction of a Telford road the bed is con- 
structed in the same manner as for ordinary macadam, care 
being taken that it is excavated to a sufficient depth, so that 
15 in. of covering can be put on in the centre and 12 in. at 
the side. When finished, the height of the centre of the 
road should be on the same level as the heel of the footpath, 
and the curvature should be 1 in 27, to which contour the 
road-bed must be graded. 

Upon this bed, when well rolled and made perfectly 
sound and level, a close, hand-set pavement is placed. The 
stones for this purpose should be from 5 in. to 8 in. deep, 
about 4 in. thick, and from 8 in. to 1 2 in. long. They may 
be of a kind which would be quite unsuitable for a surface 
pavement, or even for ordinary road metal. Bricks or 
stones from old buildings may in some cases be utilised ; 
and in certain localities rubble stone, or even hard core, 
may serve the purpose. The stones are set on edge, with 
their greatest length across the road, and placed so as to 
break joint where possible. All irregularities in the upper 
surface of the pavement are broken off with the hammer, 
and all the interstices are carefully filled in with stone chips, 
wedged well in to form a uniform, even, and compact 

N 2 



l86 R6AD-MAK1II0. 

surface, as in fig. 37. Upon this, when thoroughly rimmed, 
a layer of broken stone of 2^ in. diameter is placed and 
rolled. This is followed by other layers, until 6 in. have 
been added in the manner already described for macadam 
roads. In some cases a thin coating of sand is rolled in 
between each layer. As one of the advantages of the 



Fig. 37. 
Haadpitched Foandation, Telford Road. 

Telford pavement is to facilitate under drainage, this is 
sometimes assisted by placing the stones diagonally, as in 
tig. 38, instead of vertically. In some French roads larger 
stones are placed at the sides of the road-bed, as shown in 
fig. 39, but there does not appear to be any very great 
advantage in so doing. 

In one respect, modern piactice de|iarts from the method 



Fig. 38. 
Diagonal Tlandpitched Foundation, 

advocated by Telford himself, who adopted a flat road- 
bed, and graded the surface by having deeper paving in 
the middle of the road. Thus, in the centre of a roadway 
30 ft. wide, he would have his pavement 7 in. in depth, 
diminishing to 5 in. at a distance of 9 ft., 4 in. at iz ft., 
and 3 in. at the margin. Some prefer a graduated 
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pavement, even when the road-bed is made convex, and 
make the pavement 8 in. deep in the centre and 6 in. atthe 
kerb. 

One difficulty in connection with the Telford pavement 
is the unevenness of the tops of the untrimmed blocks, 
which necessitates knocking off the projections with the 
hammer after the pavement is laid. Some have tried to 
avoid the necessity for this process by sinking the stones 
in the road-bed until the tops are uniformly level ; a plan 
which involves placing the stones upon an unrolled road- 
bed, and cannot, therefore, on this account, be recom- 
mended. 

A slightly less expensive mode of construction is to cover 
the pavement with a layer of irregular stone from the 



Handpitched Foundation, French Road. 

" tailings " produced by screening. This course, 4 in. deep 
in the centre and 3 in. at the sides, is thoroughly rolled 
until quite solid and of the required contour. The final 
layer, consisting of 3 in. more of properly broken stone, of 
zi in. diameter, is then applied, and is watered and well 
rolled. This method saves a considerable amount of 
machine-broken stone, which is only used in the final layer. 
Streets. — The details for the construction of macadam 
roads in the streets of towns or villages, where tlie addition 
is required of footpath, kerb, and channel, will be under- 
stood by reference to the diagrams, figs. 40, 41. The road- 
bed is excavated to the depth of 17 in. below the finished 
surface-line, and the pavement is made 10 in. deep, and set 
in the manner already described, A layer of macadam 7 in, 
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in thickness is put on in two courses, the lower consisting 
of 2^-in. gauge stones, and the upper of 2-in. gauge stones, 
each being well rolled until quite compact. The channel 
stones are laid either in the manner indicated in fig. 40 or in 
that shown in fig. 41. The former consist of granite or 
syenite, or some other hard, durable material, in lengths of 
3 ft., depth 7 in., and width 12 in. The upper surface of 




Fig. 40. 
Macadam Surface, with Granite Channel and Curb. 

these must be worked perfectly true and level, and the 
joints filled up with clean shingle grouted with melted pitch 
and creosote oil. The kerb stones are of similar material, 
5 in. thick at the top, 6 in. thick at 5 in. below, and 12 in. 
deep. The faces are carefully dressed where exposed, the 
remainder being hammer-dressed and the heading joints 
perfectly squared. The kerb and channel shown in fig. 41 




Fig. 41. 
Macadam Surface, with Brick Channel and Stone Kerb. 

are of a cheaper description. The channels are either 
rectangular blocks of stone, narrow flagstones laid length- 
wise along the gutter, or even cobble stones. Cobble 
gutters are sometimes used for village streets even where no 
kerbs are set, but it is belter to use a deep kerb as shown in 
the diagram. The channel stones are laid on a bed of sand 
or gravel, but the kerb may be set in the natural surface. 
The footpath is made according to requirements, and may 
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either consist of a bed of gravel or of flagstones, either 
natural or artificial, laid upon a gravel bed. In the latter 
case great care is necessary in bedding the flags, in order to 
secure an even surface. 

The selection of stone for any of the above-mentioned 
purposes is a most important point, but as this matter has 
been fully discussed in the earlier chapters of this work, it 
is not necessary to dwell again upon the precautions which 
are necessary to be observed. 

Broken stone roads, upon whatever principle they may be 
constructed, have certain disadvantages when subjected to 
heavy traffic. Unless the sJ:one is carefully selected they 
are extremely sensitive to climatic conditions, manufacturing 
dust in summer and mud in winter. The surface, also, is 
liable to disintegration, either in frost or drought, unless the 
road is constructed with the best possible material and in 
the most efficient manner. All macadamised roads are 
absorbent, especially when limestone or sandstone is em- 
ployed, and it is very difficult to avoid uneven wear, which 
soon renders the surface unpleasant to travel upon. To be 
thoroughly efficient they should be under constant repair, 
which involves a great expense in maintenance. 

There is considerable difference of opinion as to the use 
of stone broken to a uniform size. It is maintained by 
many that the presence of a certain proportion of smaller 
stone facilitates binding; while, on the other hand, it is 
probable that uniformity of size contributes to evenness in 
wear and to the maintenance of a smooth surface. On this 
subject more will be said when treating of the mainteiiance 
of broken stone roads. 
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CHAPTER XVIII. 

Concrete AfACADAAf. — Tar Macadam, — Paved 

Roads. — Setts. 

Concrete Macadam. — The two forms of broken stone 
roads which hftve been described differ, as before explained, 
in the nature of the foundation. There are, however, other 
methods of obtaining a hard unyielding support, the best of 
which are known as concrete macadam and tar macadam 
respectively. The former is rarely used on account of the 
great expense which, in most cases, it involves ; but it may 
sometimes be employed economically where there is a good 
supply of pebble gravel or shingle, either of which materials, 
when used alone, does not make a satisfactory road. 

The concrete may either be used as a foundation to the 
ordinary macadamised surface, or the whole road coating 
miy be built up of successive layers of concrete. The first 
method has been tried in some parts of the metropolis, the 
foundation consisting of a layer, 6 in. thick, of hydraulic 
lime concrete, in the proportion of one part of lime to four 
parts of gravel. Upon this bed, before it has become quite 
hard, two layers of broken stone, each 3 in. thick, are 
spread, each layer being well rolled. By this means the 
lower layer of broken stone is pressed partly into the con- 
crete, by which means it is held firmly in position. In this 
case the concrete bed simply takes the place of the Telford 
hand-pitched foundation. 

The second method was adopted in Edinburgh. The 
concrete was composed of four parts of broken stone of a 
hard description, such as granite or whinstone, to one part 
of Portland cement and one part of sand. The stone was 
broken to a 2-in. size, and the concrete was spread in layers, 
from 3 in. to 5 in. in thickness, each layer being allowed to 
harden before the next was applied, until a coating was 
formed, varying, according to requirement, from 9 in. to 
12 in. in thickness. 
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The advantages of such a road are that a thinner layer 
than is usually employed for broken stone roads may be 
found sufficient, and also that the road is practically non- 
absorbent and consequently easily cleaned. On the other 
hand, the repair of such a road is expensive; and, more- 
over, it is doubtful whether a road which requires spch an 
expensive foundation would not be better paved. 

Tar Macadam. — Tar, or asphalt macadam, on the 
other hand, is found to be very advantageous where the 
traffic is not too heavy. It is more impermeable and less 
easily disintegrated into mud or dust than the ordinary 
macadam, and is practically noiseless. It is also an invalu- 
able material for footways. The stone employed for this 
purpose must not he too hard, as uneven wear would soon 
result. Limestone is the best stone to use, and it may with 
advantage be mixed with blast furnace cinders. The stone 
is broken to a suitable size, as for ordinary macadam roads, 
and is then heated, and mixed, while still hot, with a bitu- 
minous mixture of pitch and tar, or creosote. Other details 
of this process have already been described in Chapter IX. 
The heating of the stone is best done in a suitable drying 
stove, consisting of a hearth which can be heated to any 
required degree of temperature. The hot tar is then added, 
and the mixture turned well over with hot shovels until all 
the stone is well coated. It is better to apply the coating 
in layers. The lower layer may be of 2|-in. stone, which is 
treajed with a bituminous mixture made in the proportion 
of three parts of pitch to one of tar, or seven parts of pitch 
to one of creosote oil. It is spread to a thickness of 3 in., 
and well rolled to the required contour, after which, a 
second layer, consisting of 2 -in, stones, is placed on the top 
of the first, after treatment with a more fluid bituminous 
mixture containing a slightly larger proportion of tar or 
creosote oil. If necessary, a top layer of f-in. stone may 
be added, and the whole covered with sharp grit. The 
quantity of tar required varies with the nature of the 
material. For the coarse stone 8 gallons per cubic yard 
will suffice ; for i-in. stone, 10 gallons; and for the fine top 
dressing, 12 gallons. If, however, the material is not to 
be used immediately, a smaller quantity of tar is used at 
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first, more being added before use after again heating the 
materials. The mixture, if stored, must be kept under 
cover. 

Some prefer to lay the road coating to the thickness of 
about 6 in. first, as in the ordinary method of constructing 
macadam roads Upon this a boiling mixture of pitch and 
creosote oil is poured, consisting of one ton of pitch to fifty 
gallons of the oil, which settles down and fills the vacant 
spaces between the stones. While this is still warm, a thin 
layer of stone is spread upon the surface, and the whole is 
well rolled, more small stone or chippings being added 
until the surface is perfectly smooth and compact. 

Roads of this class should be laid in dry weather, and 
before the heat of the sun becomes excessive. When the 
surface shows signs of wear, and before the skin completely 
breaks up, the road should be r^opped, which can be done 
at a trifling cost. The life of tar macadam for carriage 
traffic varies from three to ten years, according to circum- 
stances. It has been laid with successful results in Derby, 
Leicester, Cheltenham, Southport, Nottingham, Canterbury, 
Harrogate, Norwich, Croydon, as well as in some Scotch 
towns. 

Before passing on to paved roads it may be useful to give 
the following table, drawn up by Mr. J. Hall, giving a sum- 
mary of the different thicknesses of road coatings which 
have been found suitable in the construction of broken 
stone roads. 
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With reference to such tables, however, it is necessary 
to repeat the caution already given as to the difficulty in 
laying down hard and fast rules for all cases. 

Paved Roads. — ^The exact point at which a macadam 
surface ceases to be advantageous is difficult to state. It 
has been laid down by some 'authorities at a traffic exceeding 
i,ooo vehicles a day. Naturally this must be regulated 
rather by the weight than by the number of vehicles, and 
the width of the roadway must also be considered. Mr. H. 
P. Boulnois has reduced some useful statistics of traffic to a 
uniform standard of weight per yard width per annum. 
Thus on London Bridge he estimated 1,280,000 tons per 
yard width per annum, and in a street in Liverpool 217,000 
tons. Even, however, with such a standard it is impossible 
to fix the exact limit when it is more economical to incur the 
additional outlay required for a paved roadway than to risk 
the increased cost of maintenance involved in the constant 
repair of a broken stone road. The choice is not always 
regulated by economy alone ; but is determined by other 
considerations as well, such as the nature of the locality and 
the kind of traffic to be provided for. Then, again, there 
are several kinds of pavement. Stone, wood, and asphalt 
possess each their points of advantage or otherwise, and the 
selection of the njost suitable material is a matter which 
only a careful consideration of all the requirements of the 
case can decide. These points have already been suffi- 
ciently dealt with in previous chapters, and it only remains 
here to describe the methods in which these several pave- 
ments are usually constructed. 

Beginning with pitched pavements of hard stone, such as 
granite or syenite, there are several methods of laying the 
setts, differing from each other chiefly in the nature of the 
foundation upon which the stones are placed. As this kind 
of paving is only suitable for the heaviest traffic, it is more 
than ever necessary that the foundation should be strong 
enough to support it. Of course, the road-bed must b^ 
carefully prepared beforehand, in the manner already 
described. It would be obviously useless to expect a 
foundation, however firm, to withstand heavy pressure if it 
is made to rest upon a yielding road-bed. It may be useful 
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here to explain more fully what is the exact function of the 
foundation. The pressure of a vehicle upon the surface of 
a road is practically concentrated within a very small area 
at the points of contact of the wheels. The foundation 
serves to distribute this pressure over a larger surface of 
road-bed. 

Its efficiency, therefore, depends to a large extent upon 
its rigidity. In the case of a gravel foundation, however 
compact it may be, there is a want of cohesion in the mass, 
which can never behave as a perfectly rigid substance. It 
can be shown that the pressure in such cases is distributed 
over the base of a cone, whose vertex is the point of 
application of the pressure, and whose area is proportional 
to the square of the thickness of the foundation. Gravel 



Paved Road, with Gravel Foundation, Euston Pavement. 

foundations should, therefore, be thick. In the case of a 
hand-pitched foundation, composed of independent blocks, 
as in the Telford roads, the pressure of a load upon the 
surface is merely distributed over the area covered by the 
base of the block immediately below its point of application. 
A concrete foundation, if of sufficient thickness, acts over a 
much wider area, which is only determined by the resistance 
of the foundation to bending. This is the best foundation 
for heavy traffic. We may distinguish, therefore, four 
kinds of foundation for paved roads, viz., (i) the ordinary 
road surfiue, (2) a gravel foundation, (3) a hand-pitched 
pavement, (4) a bed of concrete. 

The first method was long ago recommended by Parnell, 
the hardened surface of an ordinary macadam road, well 
consolidated by use, having ofteq been made the only 
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foundation for the pavement. This plan is said to have 
been adopted with successful results in Norwich. The 
second method is the least efficient, although it has been 
largely used, not only gravel, but also foundry ashes or 
clinker being put into the road-bed, consolidated as well as 
possible and afterwards paved with setts. Perhaps the best 
example of a properly-constructed gravel foundation is what 
is commonly known as the Euston pavement, first laid in 
1845, and the earliest example of a first-class granite pave- 
ment in London. In this case the road-bed was excavated 
to a depth of 16 in., and properly shaped. A layer of 
coarse gravel, 4 in. thick, was then placed upon it and well 
rammed with a heavy pavior*s rammer. The next layer was 
a bed of gravel, mixed with chalk to facilitate binding, of a 
similar thickness, and again well rammed. Upon this again 




Fig. 43. 
Gravel Foundation. 



a third layer of finer gravel and chalk was placed, which, 
when consolidated and covered by a thin layer of sand, 
formed the bed upon which the setts were placed. This 
kind of pavement is represented in the diagram, fig. 42, 
while fig. 43 represents a paved road on a single bed of 
gravel. The third method, viz., the hand-pitched or pinned 
foundation, is similar to the Telford foundation for macadam 
roads, as previously described, and sufficiently explained by 
the accompanying diagram, fig. 44. This is certainly more 
suitable than either a gravel or macadam bed, and is 
extensively used in many of our modern streets. 

For heavy traffic, however, a firmer basis than any of the 
above is desirable, and concrete, in some form or other, is 
almost universally employed for the best work. If this is 
carefully prepared and laid, it forms, when set, an impervious 
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monolithic foundation capable of resisting a very great 
crushing force. The proportions in which this concrete is 
usually mixed vary with the character of the materials 
employed, but may be said to range somewhat as follows : — 
One part of good Portland cement to two parts of clean, 
sharp sand, and from four to seven parts of broken stone 
of 2|-in. gauge. The cement and sand are first well mixed 
dry, then water is added until the mixture is plastic, but 
not semi-fluid. When well mixed it is incorporated with 
the broken stone, which has previously been wetted. The 
mass is well turned over, so as to distribute the cement 
mortar uniformly, after which it is laid in the road-bed to a 
depth of about 9 in., well rammed, and the surface smoothed 
up to the finished grade. It is then allowed to remain until 




Fig. 44. 
Pinned Foundation. 

properly set, for which purpose seven days are usually 
sufficient. 

A cheaper and very efficient foundation for moderate 
traffic is afforded by what is known as bituminous concrete, 
which is laid in the following manner : — On the road-bed, 
properly excavated and graded, broken stone is laid to a 
depth of 6 in. or 9 in., according to requirements, as if for 
macadam. This is levelled to the required contour, and 
rolled with a light roller. A mixture of boiling pitch, with 
either tar or creosote oil, is then poured on the surface to 
fill in the interstices, one gallon of the bituminous mixture 
being used per square yard of surface. A thin layer of 
small stone is then spread, and the whole is well rolled 
until thoroughly consolidated. The setts are placed upon 
this foundation in the manner to be presently described. 
The proportions of the materials recommended for the 
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bituminous mixture are three parts of pitch to one part of 
tar, or seven parts of pitch to one part of creosote oil. 

Another method which has been adopted with good 
results in Liverpool is to spread alternate layers of broken 
btone and concrete. Upon the road-bed a stratum of 
broken stone, 3-in. gauge, is evenly spread, and afterwards 
covered with a cement mortar containing one part of 
Portland cement to six parts of fine, sharp, clean gravel. 
Another layer of broken stone is then spread, and well 
rammed by heavy beaters. The layers of broken stone are 
well watered before being covered by the cement. This 
process is repeated until the required thickness of founda- 
tion is obtained, care being taken all through to preserve 
the proper grade. This method is sometimes described as 
as the beton system. 

In any of the above foundations the thickness is to some 




Fig. 45. 
Cpncietc Foundation. 

extent regulated by the nature of the road-bed. Generally, 
6 in. of good concrete will be enough ; but on wet soils, 
liable to be affected by frost, a thicker layer is advisable. 
No trouble or expense should be spared in securing a good 
foundation, for upon its stability rests the whole future 
efficiency of the road. Before laying the setts it is usual to 
spread a sand cushion^ i in. thick, over the foundation. 
This is to ensure a firm bedding to the pavement, and to 
afford a uniform resistance in every part, thus tending more 
perfectly to distribute the load evenly over the foundation. 
The sand should be clean, dry, and of uniform size ; any 
large particles might cause uneven bedding of the paving 
blocks. 

Setts. — We now come to the question of the setts. 
There are two great objections to the use of stone pave- 
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ments — viz,, the noise and the tendency to slipperiness. 
With the older patterns of setts these evils were more 
pronounced than with modern ones, in which improvements 
both in size and shape have beeri effected. Each of the 
three dimensions of a paving block, viz., its depth, breadth, 
and length, has a mechanical influence upon its efficiency 
in a paved road. The depth determines the stability of the 
pavement, and should give a bearing surface in the joints 
sufficient to prevent tipping under the influence of pressure. 
The width is regulated by the size of a horse's hoof, and 
should not exceed 4 in. in order to give good foothold. 
The length is mainly influenced by convenience of handling, 
and for this reason should not exceed 9 in. 

Telford used paving blocks about 6 in. wide, 10 in. deep, 
and from 11 in. to 13 in. long. In France the older forms 
of setts were often 9 in. square. The modern setts are 
much narrower. Granite or syenite setts may be from 2 J in. 
to 3 in. in width, from 6 in. to 8 in. in depth, and from 5 in. 
to 9 in. in length. In France a uniform depth of 6^ in. is 
now adopted. The narrowness of the setts not only affords 
a better foothold for horses, slips being arrested by the 
joints, but also reduces both the noise and the rapidity of 
wear at the edges. It is usual to make sandstone setts 
rather larger than those of harder and more durable material. 
In the case of bedded rocks also, the *setts must be cut so 
that the bedding planes are parallel to the length of the 
stone, and therefore at right angles to the axis of the road 
when laid, otherwise such stones will speedily wear un- 
evenly. In Paris, setts of Fontainebleau sandstone are used 
4 in. wide, 6| in. long, and 6J in. deep. All setts should of 
course be well squared and dressed true so that there is no 
great deviation from the specified size. The faces should 
also be as nearly as possible parallel, in order that they may 
be laid close together; for open joints not only cause the 
edges to wear more quickly, but also increase the noise of 
the traffic. 

In laying the setts they are usually placed lengthwise 
across the street, a method which, while it gives the best 
foothold, at the same time involves the greatest wear on 
the edges of the blocks, which tend to assume a convex 
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-surface. The courses are begun at the channels, working 
towards the middle of the road and finishing with a tight 
fitting crown stone in the centre. They must also be so 
laid that the stones b^ealc joint with those of adjacent rows. 
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When they have been firmly placed and brought by 
ramming to an even surface, the joints should be filled with 
an impermeable grouting of coal tar or hydraulic lime 
cement. Coal-tar cement is preferable, as it materially 
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assists in deadening the noise of traffic. The cement may 
be made either with equal parts of pitch and tar, or with 
three parts of pitch and one part of creosote oil. This is 
poured boiling over the surface, which is afterwards covered 
with a thin layer of small angular gravel Fig. 46 shows 
the various components, as described above, of the 
completed roadway. 

Two difficulties may arise which necessitate a deviation 
from the usual method, viz., points of intersection with 
cross roads and steep inclines. The former is best dealt 
with by placing the setts diagonally, at an angle of forty-five 
degrees, at the intersections. Inclines are more difficult to 
contend with. Some use wider joints, with slate courses 
between the stones, in order to afford better foothold. 
Others cant the stones slightly, so that the surface, instead 
of being even, presents a series of ledges against which the 
horses' feet may rest. Each of these methods, however, 
involves an increased amount of wear on the edges, which 
'soon become round and tend to aggravate the evil. Cobble 
stones are often used instead of setts for steep gradients, for 
the purpose of affording better foothold than the stone 
block pavement. 
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CHAPTER XIX. 

Brick Pa vements, — Wood Pa vements, — Asp ha l t 
Pa vements, — India -r ubber Pa vement. — Cork 
Pavement, — Sanitary Block Pavement, 

Brick Pavements. — The use of stone block pavementa 
is in many cases undesirable, on account of the noise of 
traffic, which, although somewhat diminished by modern 
improved methods of construction, can never be completely 
remedied while the feet of horses and the rims of wheels 
are clad in iron. The evil also tends to increase as the 
surface becomes unequally worn, and, at the same time, 
travelling upon such roads becomes more and more jolting 
and unpleasant. For this and other reasons a smoother 
road surface is often desirable, and even necessary, in 
residential districts. 

Wood or asphalt have hitherto proved to be the most 
efficient substitutes for stone in such cases ; but there is 
another pavement which, although not much used in this 
country, forms a kind of connecting link between them — 
viz., bricks. Whenever brick pavement has been tried in 
England under heavy traffic it has been found to be far from 
satisfactory on account of the unevenness of wear, while, if 
highly vitrified, the bricks are even more slippery than stone. 
In America, bricks have been largely used, and in many 
parts of Holland they form the most conspicuous paving 
material. It is possible, therefore, that the difficulty in 
selecting a suitable variety of brick, sufficiently uniform in 
quality to maintain an even surface under wear, may militate 
against the more extensive use of this material, which, for 
light traffic, ought to possess many advantages. It is 
claimed that, when properly constructed, brick pavements 
are noiseless and offer a minimum resistance to traction, 
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having a smooth surface, which does not become slippery, 
even when wet. Being impervious it is easily cleansed, and 
is, therefore, sanitary ; it can be laid on gradients which are 
quite unsuitable for asphalt ; and, also, it can be easily 
taken up for repair. In spite of these obvious advantages, 
brick pavements are, in this country, almost exclusively 
confined to footways. 

In laying brick pavement the same kind of foundation 
as already described may be used ; but in America it is 
frequently considered enough to place upon the road-bed 
an underlayer of bricks as a foundation for the upper layer 
of paving brick. A layer of sand or gravel, 3 in. or 4 in. 
thick, should be first spread over the road-bed and well 
rolled ; upon which bricks are placed flat, with their length 
parallel to the road axis, and arranged so as to break joint. 
A sand cushion, about an inch thick, is spread over the 
surface of the foundation. This should be lightly rolled, 
and quite dry before bedding the bricks, which must be laid 
perfectly true, in close contact and evenly supported at the 
base. The bricks are placed on edge in courses, at right 
angles to the road line, breaking joint in the usual manner. 
Some American engineers prefer that the courses should be 
laid diagonally, at angles of 45 deg. or 60 deg. with the 
kerb. It is maintained that the wear in this position is 
more uniform. The laying should start from the kerbs 
towards the centre, alternate courses beginning with half- 
bricks, in order to break joint. The courses should also be 
completed right across the street as far as possible, owing 
to the danger of disturbance to which partial courses would 
be subjected. When laid, the bricks should be rammed 
with a wooden rammer, or rolled, and any uneven sinking 
should be made good by re-bedding the bricks where 
necessary. The rammer is sometimes used on the bricks 
direct, but otherwise a plank is placed between. The 
whole surface must be finally brought to a uniform level, 
and as soon as this is secured the joints may be filled in 
with grouting, which may be either hydraulic lime cement, 
or the bituminous cement already described for stone pave- 
ments. This is applied by means of a special funnel-shaped 
filler, which prevents the grouting from running over the 
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sur&ce of the paveme^nt. A thin layer of sand, ^-in. thick, 
is then spread over the surface, and the pavement is 
completed. In America the bricks are sometimes boiled in 
coal tar, the grouting also consisting of that substance, and 
the surface afterwards finished with a la5er of screened 
gravel. The grouting has an important influence in 
diminishing the noise of traffic. When sand alone is used 
for this purpose, as is sometimes done, not only is the noise 
more pronounced, but also the joints are no longer water- 
tight. 

The life of a good brick pavement, laid on concrete 
foun^tion, has been found in America to be from fifteen to 
twenty years, notwithstanding the severe climatic conditions 
which prevail in that country. 

Wood Pavement. — This substance is absolutely the 
least noisy of all paving materials, and, while it is not far 
behind asphalt in ease of traction, it is far superior to it in 
foothold. This class of pavement is, in fact, eminently suit- 
able for all but the heaviest traffic of large manufacturing 
towns. As has already been pointed out,*'the most serious 
objection to the use of wood pavement is its absorptive 
tendency, which renders it difficult {o cleanse, and therefore 
insanitary. These evils, however, can Jbe minimised by 
proper construction and the selection of proper kinds of 
wood. The difference in absorption in hard and soft 
woods is marked. It is stated by Mr. W. N. Blair that, 
whereas soft yellow deal absorbs 23*44 per cent, of moisture, 
Jarrah only absorbs 1071 per cent., and Karri only 7*77 per 
cent If the blocks are creosoted, and properly laid with 
close-fitting joints, grouted with pitch, this percentage is 
materially diminished. In the construction of wood pave- 
ment special attention should be given to the foundation. 
Experience shows that the wear is largely increased where 
the surface from any cause becomes uneven. This may 
arise from want of stability in the foundation, elasticity in 
which has^ been known to cause the wood blocks to split 
asunder. The plank foundation, once extensively used in 
the United States, and in the early pavements laid in this 
country by the Improved Wood Company, suffers from this 
defect. Good results are said to have been obtained in 
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Norwich without any foundation at all except the ordinary 
road surface, levelled up with shingle or sand ; but in general 
a solid concrete foundation, 6 in. thick, is preferred. 

The concrete bed is finished off to the required contour 
of the road surface, the degree of convexity being in accord- 
ance with the width of the roadway. Various forms of con- 
tour have been given by road engineers, but the following 
table, taken from the measurements adopted in France, will 
sufficiently show the degree of curvature recommended : — 



^^^ Height of Convexity in 

u * - xr^ u Crown above proportion to the 

between Kerbs. ,-. .. * u i i\r-j*u 

Gutter. whole Wiith. » 



Width 



ft. ft. 

2 1 '64 
236 C 



29-52 

39*36 

45"92 
65-60 

88-56 



• ■> 



S^ ... I in 57 

•410 ... I in 57 



•498 ... I in 59 

•642 ... I in 61 

•741 ... I in 62 

1-036 ,.. I in 63 

1-377 ... I in 64 



The concrete shoulcj be mixed in the following pro- 
portions : — Pebblesy clean and between 2 J in. and \ in. in 
diameter, one cubic yard ; sand^ also clean and between 
yY in. and \ in. in size of grains, half a cubic yard ; best 
Portland cement^ 420 lbs. Instead of the pebbles, broken 
stone or ballast may be used when convenient. The 
materials are first mixed dry, as near as possible to the 
place where it is to be used. Water is then: added 
gradually, and the cement worked to the necessary con- 
sistency, when it is spread and brought up to the required 
surface grade. Sometimes a top layer, i in. thick, is added 
after two or three days, consisting of cement and sand in 
the proportion of 760 lbs. of the former to one cubic yard 
of the latter. The Asphaltic Wood Paving Company place 
upon the concrete a bed of mastic asphalt, \ in. thick, to 
form a bed for the wood blocks. At other times a sand 
cushion is laid upon the concrete bed ; but some engineers 
lay the blocks directly upon the concrete itself. It is said 
that the san4 cushion is a distinct advantage when pitph 
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grouling is used, as the sand becomes impregnated with 
pitch, and holds the blocks firmly ia position, preventing 
their upheaval, which sometinses occurs wlien they are laid 
directly upon (he concrete bed. There are many other 
ways of bedding the blocks, which may he regarded as 
peculiarities of special types of pavement. Thus, in 
Harrison's wood pavement there is an under layer of 
asphalt, which is divided into sections by strips of wood 
I in. wide and ^ in. thicl:, placed upon the concrete. 
Upon these strips the wood blocks are laid, and liquid 
asphalt is poured into the joints, penetrating into the 
spaces beneath. In Henson's wood pavement, the con- 
crete is covered with roofing felt saturated with hot 
asph^ltic composition. 

Coming next to the question of the manner of laying the 



Fig. 47. 
Wootl pjvemcnl wilh Expansion Joiiil. 

blocks, there is a great difference in practice with regard lo 
the joints. It was formerly the custom to leave open joints, 
varying from J in. lo l in. in width between the blocks. 
These were afterwards filled up, either with cement grouting 
or with small gravel or shingle, finally impregnated with a 
boiling mixture of pitch or creosote oil. The object of this 
arrangement was to provide space for the expansion of the 
blocks when wet. In modern practice, the blocks are 
usually laid as close together as possible. Open joints have 
many objections. Not only do ihey enable a lateral spread- 
ing of the fibre of the wood to lake place under the 
pressure of traflic, but also they hasten the wear of the 
blocks by exposing their edges to abrasion. Cleansing is 
also rendered more difficult by the adherence of mu^ in the 
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joints. It is found, also, that close-jointed pavements do 
not give so much trouble in expansion as those with wide 
joints. Moreover, expansion is provided for more effectually 
in another way, viz., by an expansion joint close to the kerb, 
on each side of the street. This is simply a longitudinal 
joint, ij in. wide, and filled up with sand or pitch (see 
fig. 47). The same result may be attained by laying the 
blocks as shown in the diagram, fig. 48, forming what is 
known as " dog tooth " expansion joints, which give each 
course ati expansion range of half tiie length of a block. 
In some methods of paving open joints are still in use, 



Do^-tooih EnpansioLi Join!. 

and more especially is this the case with the joints between 
the courses. The Asphaltic Wood Pavement Company 
keep th» courses ^V '"■ '^P^'"' ^7 means of laths of that 
thickness which are placed against each course as laid. 
Into these joints melted asphalt is poured to a depth of 
about 2 in. This unites with the asphaltic underlayer and 
increases the rigidity of the pavement. The upper part of 
the joint is filled up with hydraulic lime cement. In other 
cases strips of tarred felt have been used to preserve an 
^-in. joint between the courses. 

Whether close or open, the joints must next be filled with 
grouting, of which two kinds are in use, viz., hydraulic 
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cement grout and pitch grout. The former requires an open 
joint of at least \ in., which is, as already pointed out, a 
disadvantage to the wear of the blocks. Another objection 
to cement grout is that when set it is incapable of absorbing 
the expansion of the blocks. Pitch grouting is preferable 
for many reasons. Being somewhat elastic, it yields both 
to expansion and contraction; it can also be used with 
perfectly close joints, and while being quite as impervious 
as cement, it is more easily manipulated, and exerts a more 
beneficial action upon the preservation of the wood. The 
blocks also never work loose, an occurrence by no means 
uncommon with cement joints. Pitch grouting can be run 
into the joints only, when the wood is perfectly dry ; but 
traffic may be allowed at once, whereas cement joints 
require a week to set. 

The proportions of pitch and creosote oil for phch 
grouting must be such that the mixture is freely ductile at 
the ordinary temperature of the air, about i cwt. of pitch to 
I J or 2 gallons of oil being usually required for an average 
sample of pitch. It is taken out in buckets from a travelling 
pitch boiler, and poured while still hot over the pavement, 
a rubber squeegee being used to push it forward over the 
joints. Into these it sinks, leaving very, little upon the 
surface, which is finally spread with a thin layer of fine 
sharp gravel or stone chippings. 

Asphalt Pavement. — As a paving material com- 
pressed asphalt is very nearly perfect. In one respect 
only, viz , slipperiness, is it deficient. Being without joints 
and absolutely impervious, it is one of the most sanitary 
and easily cleansed of all road pavements. It also dries 
quickly and resists con^pression to such a degree that the 
heaviest traffic makes no visible impression upon it. In 
the early days of asphalt pavements they were found to be 
liable to soften in hot weather, and to disintegrate under 
the influence of severe cold. The first defect has been 
overcome by maintaining a suitable proportion of bitumen 
in the asphalt rock, while the latter is obviated by a proper 
foundation, A substantial concrete foundation is absolutely 
necessary^ the asphalt covering forming simply a thili 
layer, about 2 in. thick, which is utterly unable, of its own" 
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accord, to withstand the weight of traffic. The concrete 
foundation must, therefore, be made strong enough to 
carry the traffic of its own accord. For this purpose a 
thickness of 6 in. is generally considered sufficient, and for 
light traffic upon a good road-bed, even less may be strong 
enough. 

In America bituminous concrete has been sometimes 
used as a foundation for this class of pavement, under the 
impression that a more complete amalgamation then takes 
place between the superficial layer of asphalt and the 
supporting base, and that disintegration i?, therefore, less 
likely to take place than with hydraulic cement concrete, 
with which the asphalt coating does not form a perfect 
bond. There is, however, grave danger in using so yielding 
a foundation as bituminous concrete, which may cause, 
under the pressure of heavy traffic, both wave surfaces and 
cracks to appear in the asphalt. This tendency is to some 
extent diminished by the use of an intermediate layer or 
binder course, i J in. thick, formed of asphaltic paving 
cement and broken stone. This course is mixed in the 
proportion of one gallon of cement to one cubic foot of 
stone. It is laid while hot, and rolled in the same way as 
the surface layer. This method, known as the combination 
pavement is extensively used in America, where the con- 
ditions of construction differ somewhat from that of our 
own country, owing to the more extensive use of the lake 
asphalt of Trinidad and Bermuda, instead of the rock 
asphalt commonly employed in European countries. In 
this country and also in Europe generally, it is thought 
desirable to lay the asphalt upon a more rigid support. 
The formation of a bond between the asphalt and its 
foundation is not necessary, and moreover becomes a 
positive disadvantage when repairs are required, since it 
prevents the surface layer from being stripped off without 
injuring the support. Whereas the hydraulic base remains 
permanently intact, and only needs to be re-surfaced to be 
as good as ever. 

On the whole, therefore, the best practice in this country 
is decidedly in favour of a foundation of hydraulic cement 
concrete, upon which the asphalt layer must next be sprea<J, 



CONSTRUCTION. 209 

The natural asphalt rock should contain not less than 
5 per cent, nor more than 13 per cent, of bitumen, and, as 
the percentage varies considerably, such a mixture should 
be taken that no part contains less than the minimum 
amount mentioned above. It is usual, also, in specifications, 
to exclude all old asphalt pavement from being utilised for 
new work. The asphalt rock is then crushed into small 
pieces and pulverised to a fine powder, capable of passing 
through a sieve of y^j in. mesh. This powder is then heated 
to a temperature of from 250 deg. Fahr. to 270 deg. Fahr., 
in revolving cylinders, each particle being thus kept in 
motion to ensure its being thoroughly heated without either 
calcining or adhering together. The heated powder is now 
quickly transported to the locality where it is to be used in 
specially constructed carts, so that only a small amount of 
heat is lost in transit. It is then spread on the concrete 
foundation evenly to a depth of 3 in., and raked to a level 
surface. The concrete must be quite dry before the 
asphalt is placed upon it. If it is at all damp the heat of 
the asphalt will vaporise the water, which, in its endeavour 
to escape, will cause cracks, and will bring about the 
subsequent speedy disintegration of the pavement. Many 
failures in asphalt pavements, perfectly laid in other 
respects, have been due to its being laid on a .damp 
foundation. 

It is now well rammed with iron punners weighing about 
10 lb., and heated to prevent adhesion of the powder, at 
first lightly, so that an even thickness is preserved, and then 
with heavy blows. The surface is then smoothed up with a 
curved iron implement, also made hot, after which it is 
again rammed and rolled with a heavy roller weighing 
about half a ton. By this means the asphalt layer is com- 
pressed to about two-thirds of its original thickness. A 
light sprinkling of sand is then given and the road is ready 
for traffic. 

In America, where asphaltic cement is more commonly 
used, the compression is effected by heated rollers, and is 
carried rather further than is usually the case in European 
pavements. Compressed asphalt does not begin to wear 
until complete compression has been brought about by the 
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traffic, which does not usually take place until the pavement 
has been at least two years in use. There is thus a distinct 
gain in the life of the pavement by not carrying compression 
to its utmost limit in the first instance. 

In many places in America asphaltic blocks have been 
used instead of sheet asphalt. These are made of crushed 
limestone and asphaltic cement, and are laid close together 
in the same manner as wood pavement, but without any 
grouting. They soon become cemented together under the 
pressure of traffic into a solid impervious mass. These 
blocks, being highly compressed in the process of manu- 
facture, and having a depth of about 5 in., can be laid 
on a more slender foundation than is required for sheet 
asphalt ; but they should be used only where the traffic is 
moderate. . 

Many efforts have been made to produce cheaper sub- 
stitutes for asphalt,. involving the use of coal-tar; but up to 
the present time their success has not been sufficiently 
conspicuous to warrant any nptice of them here. 

In concluding the description of the various kinds of 
road coverings mention may be made of some which are 
interesting both on account of their novelty and efficiency. 

Indiarubber Pavement. — This consists of sheets of 
indiarubber, of large size, and an inch or more in thickness, 
which are laid upon a concrete foundation, and held in 
position by strips of iron, clasping the edges of each sheet. 
A sample of this pavement is laid at the entrance to the 
Euston Railway terminus. For foothold, homogeneity, 
non-porosity, noiselessness, and wear no better substance 
could be found, but its expense is prohibitive. 

Cork Pavement. — Blocks made of ground cork, com- 
pressed with a bituminous mixture into a solid mass, have 
recently been introduced with every promise of success. 
The material gives absolutely secure foothold in all condi- 
tions of the weather, and is non-absorbent, noiseless, and 
durable, being at the same time very light and elastic. ' It 
is laid like wood pavement on a concrete foundation, and 
has been tried at the entrance to Liverpool-street Station 
on a gradient which would prohibit the use of asphalt. If 
the weanng power of these blocks proves satisfactory, they 
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should take a prominent place amongst modern paving 
materials. 

The use of cork pavement seems to be increasing, and it 
has been tried with satisfactory results in parts of London, 
and also in Bournemouth, Windsor, York, Nottingham and 
other towns. 

Sanitary Block Pavement. — These blocks consist of 
pulverised stone heated, mixed with asphalt and finally 
compressed into blocks, which are laid similarly to other 
pavements on concrete foundations. These blocks possess 
many advantages over stone setts, being non-absorbent, 
non-slipping and securing good foothold even for gradients 
up to I in 25. They are also free from the noise of stone 
setts. 
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CHAPTER XX. 

iMPROt^EMENT OF ROADS. — CONDITIONS OF WeAI!. — ' 

Influence of Binding ATaterial, 

improvement of Roads. — From what has already been 
said with reference to the construction of so-called macadam 
roads, it will probably have been inferred that the cost and 
trouble which are necessary to keep them in a proper state 
of efficiency are both largely influenced by the care be- 
stowed upon their construction. Unfortunately the great 
majority of roads in this country have never received this 
original care, but have been handed over to the present-day 
authorities with all the faults resulting both from ignorance 
in design and carelessness in maintenance which were 
characteristic of former generations of roadmakers. The 
difficulties which surveyors have to overcome in improving 
and maintaining such roads are increased tenfold on this 
account ; and they cannot, therefore, in all cases be justly 
blamed if the roads under their care are not brought at once 
up to modern requirements. The standard demanded by 
present-day traffic is a high one, and the tendency of 
increasing refinements in the modes of travelling is to exact 
nothing short of perfection as regards surface at all times, 
and in every season of the year. 

Conditions of Wear. — Before we enter upon the 
question of the best way to bring the surface of existing 
roads up to the lofty ideals of the cyclist, to say nothing of 
the perfection demanded by the threatened invasion of the 
motor car, it will be necessary to devote some space to the 
consideration of the conditions of wear, which are the 
primary cause of the unsatisfactory state into which roads 
soon fall if left to themselves. First and foremost amongst 
these conditions may be placed consolidation; for it is 
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evident that an imperfectly consolidated road dan iiever be 
maintained in a satisfactory condition. We will first con- 
sider, therefore, what is meant by consolidation, and then 
how it may be best accomplished. Codrington, to whose 
observations on m?icadam roads we are indebted for a very 
great deal of valuable information on this point, has shown 
that a well-consolidated road, which has been thoroughly 
hardened by prolonged traffic, contains from one-fifth to 
one-fourth of the whole coating in the form of fine muddy 
cementing matter, and probably as much as one-third of it 
is such small material as would be removed as ordinary 
road scrapings. This condition, to which a well-worn road 
is reduced, is the result of the wear of the original stones 
by crushing and grinding in the road. Again, as we have 
already explained in a former chapter, a mass of broken 
stone, when first spread upon a road-bed, may be looked 
upon as containing, on an average, 55 per cent, of solid 
stone to 45 per cent, of void, or interstitial space. This 
void is more or less reduced by rolling in a newly-made 
road. But when an old consolidated road is analysed it is 
found often to approach within 95 per cent, of the weight 
of an equal bulk of solid stone. This proves that the 
interstices have been almost completely filled up, and the 
results given above show that this filling up has been largely 
brought about by the small detritus which forms so con- 
spicuous a portion of an old road coating. These results 
agree approximately with the observations of the engineers, 
of the Fonts et Chaussees. The crushing and compression, 
therefore, which are effected during consolidation, bring 
about this result, that about one and three-quarter parts of 
road metalling produce about one part of consolidated road 
coating ; or, put in another way, the road materials, after 
consolidation, occupy about 60 per cent, of the space which 
they occupied originally. Of course, the above proportions 
will vary considerably under different conditions, and with 
different kinds of road metal. But we may take it that, 
in the general way, a variable proportion, viz., between 
65. per cent, and 90 per cent, of the broken stone put 
upon a road, wears down ultimately to a state of mud 
and detritus. 
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Influence of Binding Material. — The tougher 
stones, such as many of the igneous rocks, do not so 
readily break up ; and roads made of these materials do 
not in consequence show so large a proportion of small 
detritus. 

Now it was formerly held that if this detritus were added 
in the first place as binding material, so much wear of the 
road materials would be avoided, and the road metal would 
be consolidated with the sharp angles of the broken stone 
preserved. 

Obviously, if a road mnst contain this amount of detritus, 
it is better to add it in the first place than to let it be 
formed at the expense of the road metal ; but we now know 
that it is possible to secure a perfectly consolidated road 
with very little detritus present in its composition ; and 
also that such a road is better and more durable under 
traffic than one containing a larger proportion of small 
material. 

This brings us, therefore, to the question of the influence 
of binding material upon consolidation. Macadam, as we 
know, held strongly to the opinion that in a broken stone 
road the materials can be made to interlock thoroughly by 
their angles alone, without the assistance of any binding 
material. Modern experience, however, shows that this is 
only true to a certain degree. In the lower parts of the 
road it is probably possible to secure complete unispn in 
this way ; but the top layer, even vviih heavy rolling, never 
becomes sufficiently solid to prevent displacement of the 
stones under traffic ; and also such an amount of movement 
may take place under the action of the roller that a con- 
siderable amount of crushing and wear results before 
consolidation is completed. We are entering here upon 
very debatable ground, there being great differences of 
opinion amongst road engineers as to the necessity for 
binding material. Few, however, follow Macadam's method 
in its entirety. Some mix binding material with the whole 
mass of road metal, and others use it merely for the purpose 
of filling the surface voids. Thus there are three perfectly 
distinct methods in modern practice, and it is necessary to 
consider which is the best. 
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There is no doubt that a great deal depends upon the 
method of consolidation which is adopted. In the old days 
this was left entirely to the traffic, and even at the present 
time there are still many districts in which the road roller is 
not used. In the case of consolidation by traffic, a large 
amount of binding material is manufactured from the 
stones themselves, owing to the excessive abrasion to which 
they are subjected in the process. Thus, if Macadam's 
method is strictly adhered to in this case, and perfectly 
clean road metal laid down, free from all foreign admixture 
or binding material, it is certain that before consolidation 
has been oompleted by traffic alone, more binding material 
is naturally produced than even the warmest advocate 
of its addition would recommend. This is, then, the 
probable explanation of Macadam's views. Under the 
influence of traffic alone, consolidation can be effected 
without any binding material being mixed with the road 
metal. If it is so mixed consolidation is accomplished 
more readily ; the stones do not so easily lose their angular 
form owing to their becoming more easily bedded without 
so much movement and mutual abrasion. There is thus an 
apparent economy both in material and in horse labour. 
But, on the other hand, the road is less compact and more 
susceptible to the action of water and frost. It is, therefore, 
more quickly disintegrated, and produces a larger quantity 
of mud and dust. 

We arrive, therefore, at the conclusion that, when con- 
solidation is left to be accomplished by traffic, the addition 
of binding material is not only superfluous, but positively 
mischievous, and that Macadam's views in this case hold, 
not because the stones unite by their own angles — these are 
all completely abraded during the process of consolidation — 
but because this method manufactures its own binding 
material at the expense of the stones themselves. If a road 
metal is used which, owing to its toughness, resists this 
abrasion, or if it is such that the abraded matter possesses 
no binding power, the result is that consolidation never 
takes place at all, or, if it does, the first appearance of dry 
weather will set the stones loose to be again kicked about 
by the traffic and gradually destroyed. 
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Fortunately this method of consolidating a newly-made 
road is rapidly becoming obsolete. In spite of the pre- 
judices which still exist in some quarters against the use of 
the steam roller, the use of this indispensable aid to the 
perfect consolidation of a newly-metalled road is now be- 
coming universal. The result is to wedge the lower layers 
of road metal into a tight-fitting mosaic, in which the pre- 
sence of binding material would serve only to prevent the 
complete interlocking of the stones in the body of the road, 
by bedding them in the binding material instead of fitting 
them into each other. In this case, therefore, it is also in- 
advisable to mix binding material with the body pf the road 
metal before laying. But with the surface of such a road 
the result is different. If clean broken stone alone is used, 
the surface must necessarily contain interstices, which in 
the case of the under layers are filled up by the angles 
of the superincumbent stone. To finish off the surface of 
a rolled road in a proper manner these interstices must be 
filled up; and this is the proper function of binding material. 
Even in this case it is injurious to add the binding material 
in too large a quantity. So long as all the voids are filled, 
the less used the better will be the result It should be 
spread only in a thin layer, not more than about one-third 
of an inch in thickness, after the roller has nearly completed 
the consolidation of the stones. It should not be allowed 
to penetrate into the. body of the roadway, but only to fill 
the interstices in the surface. The reason for this is 
obvious. The solidity of a road depends chiefly upon 
the quantity of stones which are present, and the close- 
ness with which they are packed, and this solidity is 
diminished rather than increased by the presence of detrital 
matter. 

As mentioned already, the principles which have been 
thus laid down are not universally accepted. Some road 
engineers still insist so strongly upon the advantage of 
incorporating binding material with the body of the road 
coating that they even recommend the spreading of a thin 
layer of sand or fine gravel upon the surface of an old 
roadway before repairing by the addition of fresh road- 
stone. They contend that the sand or gravel so spread is 
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squeezed upwards during the consolidation of the road, and 
assists in filling the voids and compacting the stones more 
rapidly. This cannot be denied ; but the result must always 
be that the increased rapidity of consolidation is gained at 
the expense of an inferior degree of solidity, a portion of 
what should be solid stone being replaced by small material 
altogether incapable of playing any part in supporting the 
weight of traffic. 

The true function of binding material is, therefore, purely 
superficial. It has no place in the body of the road. The 
fact that small detritus forms so conspicuous a portion of an 
old consolidated roadway merely points to the fact, already 
explained, that these old roads were left to be consolidated 
by traffic alone ; by which means the stones were worn and 
abraded throughout the whole thickness of the road coating 
before they became compacted into a solid mass. 

With regard to the kind of binding material which should 
be spread upon the surface of a road some discrimination 
is necessary, If possible it should consist of the same 
material as the road-stone itself. Most commonly road 
scrapings are employed ; but as these contain, in addition 
to detrital matter derived from the abrasion of the road- 
stone, a large amount of mud and organic refuse^ they 
should be well weathered before being used. Screenings 
from the same kind of stone as is employed on the road 
may also be used, and these can advantageously be mixed 
with a small proportion of sand. Clean, sharp sand^ or 
small gravel may also be employed ; and with siliceous road- 
stone, limestone or chalk can be used. The use of chalk, 
however, requires care, owing to its absorptive tendency. 
If too much is added it is liable to work up into mud in 
wet weather and to disintegrate during frost. Limestone 
road metals should have binding material of sand, but never 
loam or clay. The question of bmding material has been 
discussed somewhat fully on account of its important 
bearing upon the wear and cost of maintenance of a road. 
A great deal of extra trouble and expense in the removal of 
mud has been caused by its injudicious use ; and many 
existing roads owe their rotten condition, and the ease with 
which they disintegrate, to mixing small material with the 

P 2 
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broken stone under the delusion that consolidation is 
improved thereby. 

There is one other aspect of the question which is also of 
no small importance with regard to the maintenance of 
roads, viz., the influence of binding material upon the 
porosity of the road. The more impervious the road 
coating can be made the better will it withstand the wear 
and tear of traffic. On this account it has been held by 
some engineers that the addition of binding material to 
the body of the road coating increases its impermeability. 
Others maintain, on the other hand, that this is a positive 
disadvantage ; for if water once gets into the road coating 
it is better to let it penetrate right through it, rather than 
remain entangled in it. By adding the binding material to 
the superficial portion only, a practically impermeable crust 
is produced, and with a suitable cross section very little 
water should find its way through it. With proper sub- 
drainage this water is quickly removed, and the danger of 
the road becoming weakened, either by excessive moisture 
or by frost, is reduced to a minimum. 

We therefore take the view that the voids in a broken 
stone road should be reduced as far as possible by rolling, 
and, after that is accomplished, the superficial voids may be 
filled up by spreading a thin layer of sharp sand or small 
gravel on the surface. If chalk is used it should be in very 
small quantity, and the more finely pulverised the better. 

The case is otherwise when angular road stone cannot be 
got. Pebble gravels, and even shingle, for example, are 
still used in some localities both for making and repairing 
roads. No amount of consolidation by rolling or by traffic 
will make such material bind together until the greater pro- 
portion of the stones are either worn or broken to an angu- 
lar form. Hence pebble gravel or shingle, if clean, should 
be mixed with a small proportion of loam to assist in com- 
pacting the stones. A certain proportion of this will be 
forced to the top in the form of mud, and will necessitate 
continual scraping ; but a more solid road will be formed 
than if the above-mentioned description of road-stone is 
used without any binding material at all. In all other 
cases, the cleaner the material, the better will be the road, 
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and the less will be the cost of cleansing the surface and 
maintaining it in a satisfactory state. 

The foregoing remarks apply chiefly to the use of binding 
material in the construction of new roads, but the same 
principles apply with respect to the coatings of metal laid 
down for repairs. The metalling should in all cases be first 
spread in a clean state, and well rolled until consolidation is 
almost complete. Then a thin covering of clean, sharp 
sand, or well weathered road scrapings, may be spread, 
well watered, and the rolling completed until the whole is 
thoroughly compact. Any surplus binding material, not 
incorporated with the road, must then be swept oif. This 
will be further alluded to when we come to discuss the 
repair of macadam roads. In the meantime the question 
of consolidation by rolling is of such importance that it will 
be necessary to devote the next chapter to its consideration. 
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CHAPTER XXI. 

Road Rolling, — The Steam Roller, — Weight of 
Roller. — Efficiency of Steam Rolling, — • 
Summary, 

Road Rolling. — In the last chapter we pointed out the 
difference in the composition of road coatings consolidated 
by trafific when compared with those which have been 
subjected to the more modern operation of rolling. 

The steam-roller now plays so important a part in road 
maintenance that it will be useful to examine in greater 
detail its use and effect. This is the more necessary 
because, even in the present day, fallacious ideas are 
commonly held as to its efficiency; and it is not many 
years since its use was loudly condemned by many 
surveyors of the older school. 

Although the first proposal to use a road-roller for the con- 
solidation of roads was made by a French engineer, in 1787, 
it was an Englishman, Philip Hutchinson Clay, who in 181 7 
first patented a roller for this purpose, which, by filling a 
gravel box fixed upon it, could be adjusted to any desired 
weight from six to twenty tons. A few years later rollers of 
this description, drawn by horses, were extensively used in 
France and Hanover ; but the practice does not appear to 
have been largely adopted in England, although, in 1843, 
Sir John Burgoyne pointed out the necessity of consolidating 
macadam roads by this means. 

There are many reasons why these early horse-rollers did 
not come into universal use. The practice was to use them 
at first as light as possible, filling in any ruts or hollows 
which might be formed, and afterwards, when the surface 
was sufficiently firm, to increase the weight gradually to its 
full amount, and to continue the action until no further 
impression was produced upon the road. But the increase 
of weight necessitated an increased number of horses. A 
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roller weighing only 6 tons required six horses to pull it, 
and the damage done by their feet was almost enough to 
neutralise the advantage gained by rolling, to say nothing of 
the difficulty in managing a team of this description and the 
impossibility of securing united action by the horses. 

Notwithstanding these disadvantages, the French engineers 
were not slow to recognise that considerable economy 
in maintenance was secured by the use of road-rollers, 
and it was only to be expected that the substitution of 
steam for horse traction would also emanate from that 
country. The first patent for a steam road-roller was 
secured in 1859 by M. Lemoine, of Bordeaux; but it is said 
that the idea occurred to Mr. W. Clark, an engineer, of 
Calcutta, as early as 1855, and was suggested by the cruelty 
inflicted by the bullock-rollers then in use in that city. It 
was not until 1863, however, that, in conjunction with 
Mr. Batho, he was able to introduce the first steam-roller of 
British manufacture into Calcutta, where it was used with 
conspicuous success. In principle this roller was similar to 
those now in use, and consisted of two driving rollers in 
front, and a third, set in a turntable for steering purposes, 
behind and overlapping the space between the two front 
rollers. Shortly afterwards Messrs. Aveling & Porter 
adapted their form of traction engine to this combination of 
rollers, and supplied the 30-ton roller which has, since 1867, 
been used in Liverpool. The most striking lesson to be 
learnt from the history and evolution of the modern steam- 
roller, now so universally recognised as an indispensable 
adjunct to the appliances of all road authorities, both of 
urban and rural districts, is the extreme slowness with 
which its beneficial effects came to be fully recognised in 
this country, in spite of the early efforts of Sir J. F. Burgoyne 
and others to point out the advantages and economy 
resulting from its use. 

The Steam - Roller.— As compared with the early 
forms of horse-roller, the steam-roller is in every way to be 
preferred, and more especially in facility of management 
and economy of tractive force. It costs at least 30 per 
cent, less than the horse-roller in working expenses, and 
obviates the disturbing effect of the horses* feet upon the 
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surface. We will now examine the general effect of roUihg 
upon the newly-laid metal. 

This action is of a two fold nature which may be briefly 
described as (i) crowding; (2) crushing; and the main 
object in view is to secure a maximum of the first with a 
minimum of the second result. We shall now see how 
important it is to pay strict attention to the shape of the 
broken stone. When the roller is first applied to the newly« 
metalled surface the stones are crowded together into as 
small a space as their shapes will allow, the voids being thus 
reduced in proportion to the compressing of the road 
coating. The action commences in the lower layers, and 
extends upwards, but as the process continues the angles 
and edges of the stones become slightly crushed, the fine 
particles thus formed helping to fill up the remaining 
interstitial space. Hence the more regular and uniform in 
shape and size the broken stone is when first laid, that is to 
say, the more nearly cubical the fragments are, the less will 
be the crushing and the more perfect the crowding. It is 
also obvious that a tough road metal will be less crushed 
under a heavy weight than one which is soft or brittle. 
Also the crushing will be less in proportion as internal 
friction in the road coating between the individual stones is 
diminished. This result is effected by using a proper 
amount of water both before and during the rolling process. 
A perfect road should contain no voids, and it is the 
universal recognition of this principle which originally gave 
rise to the practice, adopted by many engineers, of mixing 
binding material with the stone in order to fill up the 
interstitial spaces. This, as we have already shown, it 
certainly accomplishes, but at the expense of solidity ; for 
if the voids can be filled up by crowding the stones 
together, the resulting mass must necessarily be more solid 
than a road which has interstitial spaces filled with sand or 
mud. A certain amount of fine detritus must necessarily be 
produced during the compression caused by the roller, 
more especially with inferior or badly broken stone ; but in 
no case will this detritus be so large in amount as would be 
produced by the continual grinding action resulting from 
the slow and tedious process of consolidation by traffic 
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alone, in which case the loose materials are rolled about 
instead of settling down into a permanent position of repose, 
always presenting fresh sides and angles to abrading 
influences, and rapidly diminishing in size and powers of 
resistance. While, therefore, it is not contended that rolling 
produces no crushing at all, it is plain that consolidation 
can be effected in this manner with the least possible 
amount of abrasion and with a minimum loss of material. 
This matter has been clearly expressed in Mr. Paget's 
*' Report on the Economy of Road Maintenance and Horse 
Draught through Steam Road Rolling," an extract from 
which may be here quoted in support of the above state- 
ments : — 

** The main difference between an unrolled and a rolled 
road, at the outset, is that the first contains nearly three 
times more empty space than the latter. It is clear that a 
road cannot be hard and strong until these spaces are filled 
up. Without the use of rolling this can only be done by 
the particles ground by the traffic off the edges of the 
stones, by dirt and foul excre^mentitious matter. One of 
the main advantages attending the rolling of roads by steam 
power consists in the diminished proportion of mud or 
soluble matter which is then incorporated in the structure 
of the road surface. If the surface of an ordinary road 
that has not been rolled is broken up and the material 
washed, it is found that as much as half of it is soluble 
matter^ mud^ dirt, and very fine sand ; the stones having 
only been thrown loosely upon the road, have lain so long 
before becoming consolidated by the traffic, and have 
undergone, in the meantime, such extensive abrasion that 
the proportion of mud, dirt, and pulverised material in the 
metalling is increased to that extent, and the stones are 
really only stuck together by the mud. This accounts for 
the fact, that although an unrolled macadamised road may, 
indeed, after long use, have a surface that is pretty good in 
hard and dry weather, and may offer then a very slight 
resistance to traction, yet it will quickly become soft and 
muddy when there is any rain. By the employment, 
however, of a steam-roller upon the newly-laid metalling of 
a macadamised road, the stones are rolled in and well 
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bedded at once, and the surface is thus consolidated into 
a sort of stone felt, capable of resisting most effectually 
the action of ordinary traffic, and containing the smallest 
quantity of soluble matter to form mud in wet weather/' 

Weight of Roller. — To ensure the maximum efficiency 
of a steam-roller, not only must the broken stone be 
suitable, but also the shape and weight of the roller itself 
must be such that it will crowd and compress without 
crushing the materials. These considerations have also an 
important influence upon the cost and economy effected by 
its use. The wider a roller the more quickly is the work 
accomplished. The bearing surface also being greater, 
there is less tendency to lateral displacement of the stones. 
At the same time the width cannot be indefinitely increased 
without rendering the roller too heavy and unwieldy for 
convenient use. Also, as a part of the road is generally 
obliged to be kept open to traffic during rolling, too wide 
a roller would monopolise too much space. The width 
should also be regulated by the weight of the roller, which 
should reach to a ton and a-half or two tons per foot width. 
The rollers of Messrs. Aveling &: Porter show the following 
proportions as regards weight and width : — 

Weight in tons 8 lo 12 15 20 

Width in feet 4f 6 J 6 J 7 J SJ 

With regard to the weight of steam-rollers, a good deal of 
misconception exists. Of course, it is possible to use too 
heavy a roller on weak road metal, but the following figures 
will show that even the heavier rollers have less influence 
than ordinary traffic : — " An ordinary loaded two-wheeled 
cart presses with a weight of 9 cwt. per inch width of tyre, 
a loaded wagon about 7| cwt., a 9-ton traction engine 
about 3f cwt., and a 15-ton steam road-roller about 3 J cwt. 
So that, as far as the surface of the roadway is concerned, a 
roller affects it the least of any of the above loads." Never- 
theless, general experience has pointed to the fact that a 
light roller from 7 to 10 tons, is best for soft material, such 
as limestone or Kentish rag. It is also a mistake to use too 
heavy a roller upon a brittle road metal, such as flints ; but 
hard and tough igneous rocks give a better result with a 
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heavy roller of not less than 15 tons weight. The character 
of the road-bed must also be considered. If this is not 
hard and unyielding a heavy roller should not be used. 
The weight is also influenced by gradient, extra power 
being necessary up hill, as well as the application of brakes 
down hill. For general use a 6 -ton roller would be suitable 
for gravel roads, 12 tons for macadam ; while 15 tons would 
be heavy enough for the hardest road metal. Owing to the 
danger of injury to foundations, underground cellars, gas or 
water mains, it is better to use a roller of medium weight 
rather than one which is too heavy, even if it necessitates 
passing over the road a greater number of times. Although 
theoretically the weight of the roller is distributed over a 
wide area, in practice this even distribution is very im- 
perfect. The consequence of this is, that while the pressure at 
some points is excessive other points escape almost entirely. 
This unequal distribution of the weight is more noticeable 
in the early stages of rolling than when a fairly level surface 
is attained ; but its existence shows the fallacy of calculating 
the pressure per inch on the assumption that the weight is 
uniformly distributed. Take, for example, the effect upon 
a thin coating of road metal, one stone thick, as used in the 
repair of an ordinary macadam road. The full pressure in 
this case is probably exerted upon a few individual stones, 
and, if a roller of too great a weight is used, the result will 
be a good deal of crushing of the material. 

Unfortunately steam road-rollers, unlike the older forms 
of horse-rollers, cannot be adjusted in weight to the work 
which they have to perform. Their cost, also, generally 
precludes local authorities from purchasing more than one. 
Otherwise it would be advisable to follow the example of 
some of the richer districts, and have a series of rollers of 
different weights — a 15-ton roller for new roads in country 
districts where there are no underground pipes to damage ; 
one of 10 tons for rolling in repaired patches, and a light 
roller of 6 tons for steep gradients and light work generally. 
With regard to the economy in maintenance which is effected 
by road rolling, the somewhat curious view has often been 
put forward that if the ordinary traffic will do the work of 
consolidation it is unnecessary to pay extra cost for this 
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same work to be done in another way. The fallacy of this 
argument scarcely needs to be pointed out in these days, 
although there are still certain districts where the enormous 
wear and tear involved in the slow consolidation of unrolled 
roads is patiently endured. 

Efficiency of Steam Rolling. — We must now pass 
on to the most effectual method of using the roller. It has 
already been mentioned that in the construction of a new 
road the broken stone should be spread in layers, each being 
well rolled before the next layer is applied. Some road 
constructors separate each layer of broken stone by rolling 
in about half an inch of sand between them. Of course, 
watering must be plentifully done at each rolling. It is 
best to begin at the sides and work towards the middle, as 
by this means the contour of the road is better preserved. 
Any depressions which appear during rolling must be at 
once filled up with fresh metal, s6 that the surface is kept 
even throughout. The number of turns necessary for each 
strip of roadway wijl vary considerably in different cases, 
and will depend on the weight of the roller, the nature of 
the materials and the thickness of the coating. It is 
scarcely possible to lay down any hard and fast rule in this 
respect. To take an extreme case, the passage of a lo-ton 
roller forty or fifty times ought to be enough to consolidate 
almost any materials into a perfectly compact mass. To 
finish the surface layer, binding material of a suitable 
description is spread dry with the shovel and uniformly 
distributed by raking over the metal. It is then watered to 
such an extent that there is no "licking up" under the 
action of rolling, which is continued until all the interstices 
are completely filled up. The process is assisted by adding 
fresh macerial, if necessary, and by continual watering and 
sweeping. After completion, if there be any excess of 
binding material not incorporated into the road, it is swept 
off. 

It is almost impossible to state the quantity of work which 
a roller is capable of performing in a day. So much 
depends upon the nature and thickness of the stones, the 
gradient, and the number of stoppages and interruptions 
met with. Probably Messrs. Aveling & Porter's estimate of 
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between i,ooo and 2,000 square yards of newly-laid metal 
per diem will cover the majority of cases. The work done 
in rolling is sometimes expressed in ton-miles of roller per 
cubic yard of broken stone. Thus in Paris about 3 J ton- 
miles are applied to every cubic yard of metal, and in 
America about 5 ton-miles. 

Summd.ry. — We will conclude this chapter with a 
summary of the chief advantages and disadvantages of 
steam road-rolling. 

The advantages are as follows : — 

1. Saving in time of construction. 

2. Saving in wear and tear both to horses and vehicles. 

3. Better construction and consequent economy in 

maintenance. 

4. Saving in road metal, owing to the following con- 

siderations : — (a) Loose stones are not left to be 
kicked off the road ; (^) minimum waste by abra 
sion during consolidation ; (c) fewer ruts to hold 
water and rot the stone ; (d) thinner coating can 
be used. 

5. Greater hardness and more even surface secured. 

6. Weak parts of the road and inferior road metal are 

soon detected by rolling. 

7. Less mud and dirt are incorporated into the road, 

which therefore remains cleaner in all weathers. 

8. Possibility of repairing at all seasons of the year. 

On the other hand, the following disadvantages may be 
noted : — 

1. Considerable outlay necessary. 

2. Liability of damage to gas and water mains. 

3. Interference with traffic and danger of frightening 

horses. 

4. Annoyance from noise and smoke. 

5. The difficulty in some cases of conveying water, by 

which the expense is materially increased. 

6. The risk of crushing the metal, or injuring the road 

foundations by too heavy a roller. 

With regard to the first of these disadvantages, the 
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initial cost is ultimately more than covered by its economy. 
The second objection has been a source of considerable 
trouble, and even litigation in towns ; but the evil can be 
avoided by care and avoidance of too heavy a roller. The 
interference with traffic is scarcely worth considering, since 
it is of far less importance than the prolonged annoyance 
caused by the unrolled road when under repair. Annoy- 
ance from smoke and noise may be considerable in streets, 
but the rapidity with which the roads are completed reduces 
this objection to a minimum. The extra expenses incurred 
in some districts may often be set off against the profits 
which may arise from subsidiary uses of the roller ; and 
the risk of crushing the road metal or injuring the road-bed 
is easily avoided by care in selecting a roller of suitable 
weight. 

It is seen, therefore, that while all the more serious 
objections to the use of steam-rollers may be avoided, the 
advantages gained are so considerable that it is difficult to 
understand why they were not sooner recognised in this 
country. It cannot, of course, be denied that there are 
some very excellent roads which have been constructed and 
maintained without rolling ; but this is scarcely an argu- 
ment in favour of the older method of consolidation by 
traffic. However satisfactory such roads may be, it is 
probable that they would not be less so if the roller were 
employed ; and it is certain that both expense in mainte- 
nance and wear and tear of horses and vehicles would be 
saved by its use. 

Questions of cost have not been gone into because it is 
proposed to deal with this matter separately in a future 
chapter.  
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CHAPTER XXII. 

Causes of Wear in J^oads. — Influence of Wheels. 
— Influence of Tyre, — Influence of Gradient. 
— Influence of Road Surface. — Underwear of 
Roads. 

Causes of Wear in Roads. — We have now seen how 
the stability of a road and the perfection of its surface are 
influenced by the degree of consolidation attained in its 
original construction. The more perfect the method and 
the more attention bestowed upon the construction, the 
better will the road resist the effects of traffic upon it, and 
the less will be the future cost in maintaining the surface in 
a satisfactory state. It is impossible, however, to secure per- 
fectly equal resistance throughout, and this inequality in 
behaviour under traffic will sooner or later necessitate 
repair. Weather also exerts its influence in gradually 
deteriorating even the best of road metals ; but in an 
equable climate, such as that of this country, the latter 
cause will not generally produce more than about a quarter 
of the wear produced by traffic. 

In the present chapter it is proposed to deal chiefly with 
the causes of wear, both on the surface and in the under 
part of the road coating ; after which the methods by which 
road repairs are best executed will be able to be more 
intelligibly discussed. 

The abrasive effects of traffic are produced partly by the 
wheels of vehicles and partly by the action of horses' feet, 
the latter being far more destructive of road surfaces, 
especially in the case of fast traffic, than the former. In 
the evidence given before a Select Committee in 1831, 
both Telford and Macadam were agreed upon this point, 
and Sir J. MacNeiU estimated that in the case of vehicles 

Q 



232 ROAD-MAKING. 

drawn at a rapid rate the wear produced by horses' feet 
may amount to as much as three times that produced by 
the wheels. It seems probable, however, that this propor- 
tion will be found to vary with the nature of the road and 
the weight of the vehicle. A heavy load on a weak road 
must recessarily produce a more destructive influence upon 
it than a light vehicle travelling at the same rate upon a 
hard and smooth surface. 

To appreciate properly the effects of traffic it is necessary 
to understand clearly the nature of the causes which in- 
fluence draught, for it is obvious that the action of horses' 
feet will be inversely proportional to the ease of traction, 
and will be increased by any causes which tend to retard 
the motion of vehicles, such as uneven surfaces, steepness 
of gradient, or soft and yielding roads. In other words, 
the wear and tear of roads will be mainly influenced by the 
resistance which they offer to traction. 

This truth has so important a bearing on the question of 
road maintenance that it wull be well to examine more 
closely the circumstances which contribute to retard the 
motion of wheeled vehicles. For the sake of clearness, 
also, we may distinguish two distinct aspects of the ques- 
tion, viz., the influence of the vehicle and the influence of 
the road itself; for although the former cannot be modified 
in the absence of any legal restraints upon the kind of traffic 
permitted upon public roads, yet it is necessary for the road 
constructor to know in what way roads should be prepared 
to resist the particular sort of traffic to which they are likely 
to be subjected. 

Influence of Wheels. — We may, for present purposes, 
neglect the friction of the wheel upon its axle, which is, of 
course, independent of the road, and merely has the effect 
of increasing the weight to be overcome. Experiment 
shows that the friction is generally equal to about yj^ V^^^ 
of the weight ori the ax^e, and amounts to an approximate 
increase of weight of 22 4 lbs. per ton of load. More 
important, however, in connection with road wear, is the 
retardation produced by the reaction between the road 
surface and the tyre of the wheel. This retardation depends 
upon two distinct causes, viz., the unevenness of the surface 
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and. its compressibility, and the force necessary to overcome 
it is approximately inversely proportional to the diameter of 
the wheel. Experiments led M. Dupuit to the conclusion 
that this retardation is not simply in the inverse proportion 
of the diameter, but rather of the square root of the 
diameter ; and Mr. D. K. Clark has endeavoured to prove 
that the cube root of the diameter should be taken. 
Whichever of these views may be nearest the truth, the 
general principle is indisputable that large wheels offer less 
resistance to traction, and cause less wear of the road 
surface than those of smaller diameter. 

The size of the wheel has also an influence upon the 
pressure which is exerted upon any obstacle caused by the 
unevenness of the surface. Suppose, for example, that a 
wheel, in moving over a road, meets with an obstacle of this 
nature — as must continually happen, since no road surface 
can be maintained in a perfectly smooth condition; the 
pressure thus exerted upon the obstacle may be resolved into 
a vertical force acting downwards and tending to force the 
obstacle into the road, and a horizontal force tending to 
push the obstacle forward in its path, and, consequently, to 
displace it and disintegrate the road. It can be easily 
shown that this horizontal component is inversely propor- 
tional to the diameter of the wheel ; so that small wheels 
have a greater destructive tendency than large ones. If we 
suppose that, instead of an obstacle, the road surface is 
compressible so that a rut is formed, the same effect is 
produced, sniall wheels being found to deepen the ruts and 
intensify the unevenness of the surface to a much greater 
degree than those of a larger diameter. One of the lessons 
to be learnt from these considerations is that it is bad 
economy to let the surface of a road remain in a neglected 
state, as the rate of wear is considerably increased by so 
doing. 

It is here that the influence of springs comes into play. 
These enable the wheels to rise and fall over surface 
inequalities, while the load itself is not sensibly affected. 
The draught is, therefore, reduced in proportion to the 
elasticity of the springs vertically, although it is increased 
by their horizontal elasticity. Springs exert a greater 

Q 2 
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influence upon tractive force when the velocity is great, and 
at a walking pace they have comparatively little effect. 
Experiment shows that springs may dinainish tractive force 
by as much as lo lb. per ton of load on a hard surface, 
owing to the fact that they diminish the effect of con- 
cussions caused by surface inequalities ; but their action 
is chiefly experienced in a vertical direction, whereas it 
is the horizontal component of the force of these con- 
cussions which plays the most important part in road 
disintegration. 

Influence of Tyre. — Morin found that when the width 
of tyre is greater than from 3 in. to 4 in. the resistance to 
traction is almost independent of the width, provided that 
the road is hard and firm. But on compressible roads 
tractive force decreases with the width of tyre. 

The wheels of the early part of the present century were 
usually made in a broad conical form, and with rounded 
tyres, so that the latter, while apparently broad, were, in fact, 
extremely narrow, since, owing to thieir rotundity, the weight 
of the loaid^was supported only on J;he- narrow middle 
portion, instead of upon the whole breadth of the tyre. It 
has, however, been pointed out by Codringt$r| and other 
writers that with conical wheels of the above, descriptjon a 
rounded tyre may be advantageous to the wear of Toads; for 
such wheels can only be kept travelling in a straight line by 
constantly twisting at the point of contact with the surface, 
causing a continual grinding action upon the road. Hence . 
if a conical wheel has a broad, flat tyre, this grinding 
influence is exerted oyer a considerable width of road. On 
the other hand, a cylindrical wheel rolls along without this 
twistihg'action, and can, therefore, have a -flat tyre with 
advantage. The practical advantages of conical wheels are 
the lateral resistance afforded by the inclined spokes, and 
the greater amount of clearance for the body of the vehicle. 
For these reasons such wheels are often preferred ; but, as 
regards their wearing effects upon the roads, there is no 
doubt that cylindrical wheels with broad, flat tyres are 
better, since they not only roll without twisting, but also 
distribute the load over a larger bearing surface. . 

The Turnpike Acts of the early part of the century 
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recognised the importance of this point as regards road 
maintenance by regulating the pressure per inch width of 
tyre, charging overweight in excess of the ordinary toll 
where these conditions were not complied with, and re- 
ducing the amount of toll payable on broad-tyred wheels of 
the cylindrical pattern. The importance of distributing the 
weight by a broad tyre is shown by a comparison of the 
pressure per inch width of tyre exerted by different vehicles, 
.as given in the last chapter. It was held by Sir J. MacNeill 
that a pressure of 5 cwt. per inch width of tyre is as much 
as an ordinary road should be subjected to ; but it is not 
easy to fix such a limit, for well-constructed roads can bear 
without injury greater loads than those made of weaker 
materials. There is a limit, also, beyond which a wide tyre 
peases to be of any advantage on a hard road surface. The 
reason for this is the impossibility of distributing the weight 
evenly, since, as already explained, owing to surface irregu- 
larities, the tyre does not touch the surface at more than a 
few points, which have thus to withstand nearly the whole 
of the pressure. This may explain the fact which has been 
noticed that a heavy load on a wide tyre is often more 
detrimental to the road than a. light load on a narrow 
tyre. On a soft road the case is otherwise, for, owing 
to compression, the weight is then much more evenly 
distributed. 

It will presently be shown that although width of tyre 
plays an important part in determining surface wear, it is of 
far less consequence when we come to consider the pressures 
which are transmitted to the foundation. 

Influence of Gradient. — The increase of draught due 
to the resistance of gravity in ascending an incline is plainly 
shown by the greater amount of wear produced by the extra , 
pressure of horses* feet upon the surface. Even on a 
descending gradient this action is more pronounced than on 
a level road on account of the necessity for checking the 
velocity of the vehicle, either by the resistance of the horse, 
or by the action of skids or brakes. A rough rule to deter- 
mine the increase of traction up an incline is to divide the 
total load by the gradient ; so that a load of one ton, when 
drawn up an incline of i in 10, will be increased by 224 lb. 
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More accurately, it is equal to the load multiplied by the 
sine of the angle of inclination of the road. It often 
happens, however, that slight gradients maintain a better 
road surface than the dead level, a result which is generally 
to be attributed to the more perfect drainage on the incline. 
On steep gradients the surface may be liable to damage by 
rain wash, the scouring effects of which are often consider- 
able upon a road which has become loosened by prolonged 
drought. In road maintenance excessive gradients will, 
therefore, generally be a source of additional trouble and 
expense. 

Influence of Road Surface. — It has already been 
pointed out that the wear of a road is increased by any 
cause which makes traction more difficult. Nothing is, 
therefore, more detrimental to the wearing power of roads 
than an uneven, badly maintained surface. Traction is* 
necessarily easier on a hard, smooth and incompressible 
surface than on a flexible, yielding road on which the wheel 
is always compressing the surface, and sinking into a hollow, 
which produces the same effect upon traction as an upward 
gradient. Morin has calculated from experiments that this 
influence may cause the draught to be increased from ^ to 
3^5 of the load. By this means there is not only produced a 
greater and wasteful expenditure of horse-power on badly 
constructed roads, but also greater wear and a corre- 
sponding increase in the cost of maintenance. An un- 
mended road, which is covered with mud or dust and full of 
ruts, is, therefore, not only an indirect tax upon the whole 
community, but also is rapidly brought to such a condition 
that repairs of a more cosily nature, if not complete 
reconstruction, are sooner or later made necessary. 

Not only the condition but also the nature of the surface 
has a considerable influence upon traction. Morin's experi- 
ments on macadamised roads made of various materials 
gave results which varied between wide limits, the most 
perfect materials showing a tractive force of -^^ of 
the gross load, and the worst material giving a value as 
high as -jV- 

Perhaps the rapst satisfactory way to compare the traction 
upon surfaces of different materials is to take as the linit a 
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smooth* surface of asphalt, as in the following table, taken 
from Mr. H. P. Boulnois' handbook : — 

Asphalt ... ... ... ... 10 

Paved road in good order i*5 to 2*0 

„ „ fair ,, ... ... 2*0 to 2:5 

„ „ covered with mud... 20 to 27 

Macadam, dry and in good order... 25 to 3*0 

,, wet ,, ,, ... 3 3 

„ in fair order 4*5 

„ covered with mud 5*5 

,, with loose stones 5*0 to 8*2 

So that a bad macadam road may require from five to 
eight times the tractive force necessary upon asphalt. 

Underwear of Roads. — Rough surfaces, therefore, 
are conducive to increased wear, both from the influence of 
the wheels of vehicles and from the abrasive action of 
the horses' feet caused by resistance to easy traction. It is 
not only the surface, however, which must be considered. 
The whole road is liable to bending or cross-breaking strains 
if the weight of the traffic is excessive. It must be 
remembered that the weight, is really carried by the founda- 
tion, and ultimately by the road-bed. The surface coating 
of a macadam road serves chiefly to distribute the pressure 
over a wider area. In the case of a paved road, this 
function is performed by the foundation. It cannot be too 
prominently insisted upon that the superficial portion of a 
road, whether it be pavement or broken stone, is simply of 
the nature of a protective cover to the more substantial 
foundation below. If the latter is of a yielding nature, the 
covering itself must eventually crack and break up along 
the lines of undulation produced by the trafific. The 
formation of the cracks makes the road still weaker, and less 
able to withstand future burdens. From this it is evident 
that the whole structure of the road must be kept in such a 
state of efficiency that it may be capable of bearing what- 
ever pressure it may be called upon to sustain without 
bending under the strain. 

The tendency to bend or crack is diminished by a thick 
road coating, which acts by distributing the weight over a 
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larger area. In this way, even a weak road-b^ may 
sometimes be made efficient, provided that it is covered by 
a thick layer of well- consolidated metal. The true cause of 
an unsatisfactory piece of road may, therefore, lie in the 
substratal portions, which have become weakened either by 
deficient drainage or by too thin a covering. 

We see, therefore, that the pressure on the road-bed is 
quite a different thing from the pressure on the surface. 
The surface pressure of a given load depends chiefly upon 
the width of tyre supporting it ; but on the road-bed this 
pressure is distributed over an area which is directly 
proportional to the thickness and solidity of the covering. 
Great damage is often done to roads by submitting them to 
pressures far beyond the limit which ihey are capable of 
sustaining, whereby not the surface merely, but the whole 
road foundation is damaged by bending and cross-breaking, 
involving for its complete renovation an entire reconstruction 
of the roadway. 

Underwear resulting from the influence of the weather is 
also an important cause of road disintegration. The effects 
of prolonged wet, drought, or frost are particularly disastrous 
to certain kinds of road material, as has already been 
abundantly pointed out in the course of these pages. If 
from any of these causes the road is too weak for the traffic 
upon it, whether the fault be in defective drainage, bad 
foundation, insufficient thickness of covering, or rotten 
material, disintegration is often rapid, and mere surface 
repairs will not suffice to restore solidity. Surface renova- 
tion is, in fact, in many cases a complete waste of money. 
To spread new metal on a cracked and fissured road, 
through which surface water readily penetrates, and which 
by its weakness and elasticity is inadequate to resist the 
pressure exerted upon it, is useless unless the foundation is 
first made secure. 

In many districts there are certain pieces of road which, 
in spite of careful maintenance at the surface, are never in 
a satisfactory condition. In such cases the true cause of 
the evil should not be difficult to determine ; when, even if 
the remedy should involve a larger outlay, such a course 
will in the end be found to be the truest economy. It is^ 



MAINTENANCE. 239 

on this account that considerable space has been devoted 
to the discussion of the causes which influence wear, a 
complete understanding of which can alone enable the road 
engineer to diagnose correctly the various cases of imper- 
fection which come under his notice for curative treatment. 
An interesting example of this is mentioned by Mr. Dorman. 
In Armagh two short lengths of road, metalled with whin- 
stone, and subjected to the same traffic, required 1,200 tons 
of material per annum in the one case, andfonly 800 in the 
other, to keep them in repair. This was entirely owing to 
defective drainage, the former having only a thin coating of 
road metal on a clay subsoil, which kept the road in a soft, 
wet condition, causing increased wear from the loss of 
cohesion in the body of the road. The obvious remedy in 
this case, instead of piling up new metal on the top, is to 
pull the road to pieces, and reconstruct it with a better 
foundation, such as a Telford pavement affords. 

Another frequent cause of roads breaking up in certain 
parts is the variable thickness of the covering which is 
characteristic of many old roads. This was originally due 
to the prevailing custom of heaping up metal in the centre 
and diminishing the thickness at the sides. Heavy traffic, 
therefore, however well supported it may be in the middle 
of the road, proves too much for the weaker jnargins, which 
soon go to pieces in consequence. When this happens the 
mischief soon spreads, for the road coating on each side of 
the broken-down part is weakened to such an extent that 
even light traffic will cause it to go to pieces also. * Thus to 
some extent it is true of roads, as of many other mechanical 
structures, that their strength is regulated by that of their 
weakest part. 

A final cause for the unsatisfactory condition of many 
roads is the use of unsuitable material as road metal. This 
is a difficulty which in some districts is not easy to obviate 
on account of their distance from any available source of 
better stone. The question, however, is always worth 
considering whether the additional cost of procuring 
good material from a distance would not be more than 
balanced by the economy effected in the annual cost of 
maintenance. The tendency at the present time is to use 
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only the best materials for main roads, the local sources of 
supply being either altogether abandoned or only drawn 
upon for second-class roads upon which the traffic is light. 
The reason for this preference for good road metal is the 
prevalent belief, abundantly supported by experience, that 
by so doing a better road is maintained at less cost. 

We may here conveniently sum up the causes of wear 
alluded to in this chapter. These are : — 

I. Wear and tear of travel — 

(a) By the action of horses' feet. 

(d) By the action of wheels. 

(c) By pressure due to weight of vehicla. 

11." Wear produced by natural forces — 
{a) Heavy rains. 
(^) Winds. 

(c) Chemical disintegration. 

(d) Excessive temperature changes. 

(e) Frost. 
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CHAPTER XXIII. 

Repair of Roads. — Variable Wear, — Patchivork 
Repair, — Scarifving, — Spreading the Road 
Metal, — General Recharging. 

Repair of Roads. — From what has already been said as 
to the conditions of wear upon roads it will be seen that, in 
order to preserve the surface in good condition, it will be 
necessary to restore an amount of material equivalent to 
the waste, which has been variously estimated at between 
I in. and 4 in. per annum, according to the amount of 
traffic and the quality of the road-stone. Left to itself the 
road coating gradually becomes thinner and weaker owing 
to the grinding down of the stones into small fragments 
and the removal of mud and dust from the surface. From 
what has gone before, it will also be evident that this waste 
is not uniform, even when the quality of the road material 
and the nature of the traffic are the same. Certain parts 
of the road will always be found to be more susceptible 
to disintegration than others. Any causes, for example, 
which prevent portions of a road from drying up after rain, 
either on account of defective drainage or the sheltering 
influence of trees or high hedges, will increase the rapidity 
of wear. It has been stated that trees alone may add as 
much as 25 per cent, to the cost of maintenance from this 
cause. In exposed situations also, where there are heavy 
rains, the smaller binding material is soon washed out, 
leaving loose stones no longer capable of coherence. On 
the other hand, excessive drought has the effect of loosen- 
ing the surface of sandy or flinty roads, which then become 
a constant source of trouble and expense in certain locali- 
ties. On account of this inequality there is generally some 
difficulty in estimating the amount of wear and the quantity 
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of material necessary to repair*the damage and restore the 
surface to its proper shape and condition. 

A rough estimate might be formed if the quantity of 
detritus, removed in the form of mud or dust, could be 
measured ; but this is more or less impracticable. More- 
over, the strength of a road is impaired not only by the loss 
of thickness in the road coating resulting from the removal 
of detritus from the surface, but also from the grinding 
action wliich may take place in the road itself, causing the 
larger materials to wear down gradually to a smaller size, 
especially in the case of weak and badly constructed roads. 
Observations of road sections, made by cutting trenches 
across the road, and estimating the amount of detritus in 
the road coating, have been systematically made by French 
engineers ; but the results are of too complex a character 
to be of much practical use in this country. Perhaps the 
best index of annual wear is the quantity of broken stone 
consumed in the yearly maintenance of roads in localities^ 
where they are kept in proper condition. In France the 
average consumption is slated to have been, in 1876, as 
much as 78 cubic yards of broken stone per mile of road ; 
but while some localities only required 22 cubic yards, in 
others as much as 390 cubic yards were found necessary. 

Variable Wear. — In England there are not sufificient 
data available for arriving at even an approximate esti- 
mate under modern systems of supervision. The following 
examples for the year 1835 are given, not on account of 
their practical value at the present time, but as illustrating 
the wide variation which must always exist in different 
localities. 

Annual Wear of Roads in different Localities. 

T IV T. J nr . 1 Cubic Yards 

Locality. Road Metal. ^^^e. 

Glasgow and Carlisle-road Whinstone ... 60-120 

Holyhead-road .., ... Various 96-162 

London Suburbs Granite, Flint, 

Gravel 470-580 

Edinburgh Granite, Whin- 
stone 500-600 
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Swansea Mountain Lime- 
stone and Slag 500-800 

Cardiff Limestone ... 800-1,000 

Glamorganshire ... :.. Limestone, Grit, 

and Slag ... no 

Carmarthenshire „ „ 73 

Pembrokeshire „ „ 64 

Cardiganshire „ „ 58 

Breconshire „ ,, 51 

RadBG^fihire „ ,, 48 

No statistics such as these can be considered as having 
any praelical value unless it is certainly known that the 
material*:' hftW 'been properly applied, and the roads well 
maintained; We have already shown how road-stone may 
be systematically wasted through ignorance of the real cause 
of defective roadsi 

Unfortunately, also, questions of economy, real or false 
as the case may be, have very often militated against the 
employment of the most suitable road-stone. The area of 
repairs has also been either loo restricted, or proper dis- 
crimination has not been used in their selection. Thus a 
great deal of material is wasted or rendered inefficient from 
want of sufficient care in its application. 

It will be useful, however, to examine the above table 
more closely in order to arrive at the real meaning of the 
quantiti^ there given. The cubic content of one mile of 
road 4 yards wide and i in. thick is nearly 200 cubic yards. 
This amount of consolidated stone would represent nearly 
400 cubic yards of broken stone, allowing 50 per cent, for 
the voids in the unconsolidated materials. If the stone is 
broken to a 2-in. gauge, and evenly spread, about twice the 
above quantity will be required to cover a mile of road one 
stone thick. In the above table, therefore, the consumption 
of materials is sometimes more than equal to a complete 
covering of the whole road, once a year, one stone thick. 
Owing to the unevenness of wear, however, this uniformity 
of repair is not required. In a mile of road there will be 
hollow places where a greater thickness of covering is re- 
quired, and other places where the wear has been in- 
appreciable, and renewal of the surface is unnecessary. 
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For strict economy, therefore, the broken stone is laid 
only on the weak portions of the road. 

This method, which is sometimes called patchwork 
repair^ is still largely adopted throughout the country j 
but it is gradually being replaced by the more modern 
process called general recharging^ to be presently described. 
As the latter to some extent includes the former method, it 
will be well to consider first of all the patchwork process. 

Patchwork Repair. — The prevalent practice of repair, 
in the old days before the advent of the steam-roller, 
consisted in waiting until the road had completely lost its 
shape, when a thick coating of metal was spread over a 
large surface, and the loose stones were left for the traffic 
to consolidate. No method could be more extravagant of 
material ; for not only was a large portion of the stone 
crushed and ground to powder by being rolled about under 
the traffic during consolidation, but also even after consoli- 
dation the surface was still as much out of shape as before. 

A better result is obtained by laying the new stone only 
in small patches where the hollows occur, thus bringing up 
the surface to its proper contour. Such patches, even if 
left to be worked in by the traffic, have a much better 
chance of consolidation, with a minimum of inconvenience 
to the public, than if large spreads are laid down indis- 
criminately over certain lengths of road. For this reason 
Tresaguet advocated the system of continual repair^ which 
consisted essentially in preventing the formation of ruts 
and hollow places by continual attention to the road. It 
was soon found that this system effected a saving of nearly 
40 per cent, in the cost of maintenance, with the additional 
advantage of better roads at all seasons of the year. 
Prevention was the secret of success. Ruts and hollows, 
when once formed, quickly deepen ; water collects in them, 
and the adjacent parts become soft, and are then easily'^cut 
up. If, however, the ruts are filled up as fast as they begin 
to form, the surface is always maintained in good condition. 

The method consists, therefore, in depositing the broken 
stone in roadside depots/ about 100 yards aparty-and 
having one man to look after and repair every two or 
three fiiiles of road. He is provided with the necessary 
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implements, consisting of broom, hoe, pick and shovel, 
wheel-barrow, water-pot, 14-lb. rammer, and a 4 lb. hammer, 
and his duties are : — 

T. To remove all dust in dry weather. 

2. To scrape off all mud in wet weather. 

3. To keep the surface drainage in good order by 

removing standing water from depressions and 
filling them up with fresh material. 

4. To replace the wear by a gradual renewal of ihe 

covering in wet weather. 

5. To fill up all ruts as fast as they form. 

6. To keep ditches, gutters, and culverts in repair. 

The amount of material required for this purpose varies 
between 200 and 600 cubic yards per mile per annum, 
according to the quality of the road metal, the quantity of 
traffic and the width of the roadway. 

A great advantage of this system is the individual 
responsibility of each man as regards his section of the 
road, thus ensuring his attention to his duties and the 
detection of any neglect. In filling up the ruts it is not 
enough simply to rake stones into them. The affected part 
should be cut out square, and then refilled with clean 
broken stone to a height slightly above the level of the 
sides. If the area is small, consolidation can be assisted by 
the rammer, otherwise it can be rolled in the usual manner. 

In the case of hollows some care is necessary in properly 
dt fining the lim.its of the area requiring repair. These 
should be carefully examined as soon as possible after heavy 
rain. In general they will be found to be oval in shape, 
deep in the centre and shallow at the margins. Scarcely 
ever are they in the rectangular form in which, for the sake 
of neatness, the new stone is often spread. Rectangular 
patches of newly-laid stone must, therefore, mean one of 
two things. Either a waste of material, due to covering 
more than the limit? of the worn area ; or imperfect repair, 
some parts of the hollow being left imcovered. An oval 
patch, as pointed out by Mr. Codrington, is not only more 
in accordance with the shape of the hollow portion which 
it is designed to mend, but is better for the traffic, there 
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being no square corners to become displaced, and surface 
drainage is more easily diverted away from the patch. It 
will also, when consolidated, reconstitute the proper contour 
of the road surface more effectually than a rectangular one 
if the stones are skilfully spread and the smaller material 
laid on the margins. 

Scarifying^. — A great deal of difference of opinion exists 
as to the advantage of loosening the surface by picking 
before spreading the new metal. The object of such a 
course is to enable the new stones to become more com- 
pletely incorporated with the old material. This proceeding, 
although recommended by Macadam, was condemned by 
Parnell as wasteful of the old materials and of no advantage 
to the new. It was maintained that it is not good to 
destroy a portion of a solid layer, which has already become 
compact, for the questionable advantage of securing a better 
union of the new stone with the old. On the other hand, 
many road constructors hold strongly to the opinion that 
hollow places should be completely excavated to a uniform 
depth, the stones being sorted and cleaned, and then relaid, 
with the addition of new metal to restore the proper shape 
to the surface. Others, again, adopt the middle course of 
picking furrows on the margin of the patches only, in order 
to prevent the spreading of the new stone beyond the area 
of the patch. In deciding which of these methods should 
be adopted it is necessary to consider all the circumstances. 
A great deal depends upon the thickness of the road 
coating If this is very thin, picking will break it up 
entirely, which will more than neutralise the effects of the 
repair and make the road weaker than it was before. Then 
again a great deal will depend upon whether consolidation 
of the patch is effected at once by the steam-roller, or 
whether it is to be left to the traffic alone. In the latter 
case complete incorporation of the new stone can generally 
be secured by spreading it in wet weather, when the roads, 
and especially the hollows, where the patches are required, 
are already sufficiently soft to enable the new stone to be 
worked in without excessive crushing. Round the margin 
of the patch a slight loosening of the surface to a small 
depth, taking care that the crust is not penetrate^ is 
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advantageous ; while if the road covering is thick and the 
surface hard, the whole arei may be picked, and a large 
amount of crushing of the new material avoided. 

Spreading the Road Metal. — ^Again, it is sometimes 
the case that an old road contains so thick a covering of 
good stone that it only wants levelling up to form an 
.excellent road without the addition of any new metal. Or 
the road may be so full of hollows that patches are out of 
the question, the entire length of the roadway requiring 
repair. In either of these cases, the whole of the old surface 
should be picked over and the loosened material raised to 
the proper contour. If new metal is required, a layer one 
stone thick will generally be all that is required. In all 
patchwork repairs the mud should be carefully scraped off 
the surface before the repairs are begun. It is a mistake 
toj lay new metal on a muddy surface, for reasons already 
pointed out in the discussion of the use of binding material. 
If binding material is required at all it should be added, in 
small quantity only, after the newly-laid stones are partially 
consolidated by rolling. 

It is often thought that when once the new materials are 
laid it is not necessary to trouble further about the road 
until the time arrives for the next season*s repairs. This is 
a great mistake. Both labour and material can be saved 
by a little attention to newly-laid patches, such as raking 
the# stones into the incipient ruts which generally appear in 
the early stages of consolidation, and which, if neglected, 
will only be gradually deepened as successive vehicles 
follow in the same track. Loose stones, also, are easily 
displaced and spread beyond the surface of the patch under 
repair. These should be carefully put back into their 
proper places to avoid both waste of material and danger to 
traffic resulting from loose stones lying about on the road. 

All the operations of patchwork repairs are materially 
assisted by the employment of the steam-roller, the more 
modern forms of which are generally provided with special 
contrivances for scarifying or loosening the surface when 
necessary. 

in those localities where steam rollers are not available, 
and there are still many such in different parts of the 

R 
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kingdom, great care must be exercised in patching. Where 
many hollows occur in a short distance, they should not all 
be covered simultaneously with new metal. A selection 
should be made so that a winding track, free from stones, 
may be preserved for horses* feet. Every patch causes a 
diversion of traffic, and it is often possible, by judicious 
arrangement, to cause the traffic to take such a course that, 
while the horse can travel on a hard surface, the wheels may 
gradually effect consolidation in as easy and unobjectionable 
a manner as possible. The most usual course is to patch 
alternately on each side of the road, in a kind of chess- 
board arrangement, the intervening spaces being left until 
the others have become nearly consolidated. 

Deep ruts, long neglected, may appear to require long 
strips of new stone along the wheel track. The result of 
repairing these in long sections is to form another rut 
alongside the repaired strips, since any long strip of repair, 
whether in the wheel track or in the centre of the road, is 
certain to be avoided by traffic as far as possible, causing 
the bare places to be broken up^ before the patches have 
become consolidated. 

It is only on steep gradients that long strips of repair are 
permissible, one side of the road at a time ; since in this 
case, although ascending traffic will avoid the stones, 
descending vehicles will run over them to check their 
velocity, and will thus effect their consolidation. ^ 

In the absence of the steam-roller also, imperfections are 
not seldom due to the repairs having been performed at 
the wrong time of year. New stones will not consolidate 
under traffic unless the road surface is sufficiently softened 
by wet. Autumn and early winter are generally the most 
favourable. Severe frosts, in this country, rarely set in until 
the winter is well advanced; and both frost and the dry 
season of spring render consolidation difficult, if not im- 
possible. All loose stones which have not become incor- 
porated in the road when the dry weather begins should be 
raked off the surface. 

One great danger in the system of continual repair, as 
formerly practised on the Continent, is the liability to neg- 
lect altogether those portions of the road which retain a 
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smooth, hard surface in spite of their wear. Such roads, 
without developing hollows, must necessarily diminish in 
thickness uniformly. If their strength is not kept up by 
replacing an amount of new material equal to that which 
they lose, they are liable to break up suddenly, and, in that 
case, to need complete reconstruction at *a great cost. Sir 
J. Burgoyne pointed out this evil of the French system. 
By elaborate patchwork repairs, the surface of the French 
roads was maintained in an excellent • condition. The 
smallest depressions were at once filled in and con- 
solidated. Sweeping and scraping were resorted to con- 
tinually to remove all detritus. But although a level 
surface was thus secured, the thickness of the road coat- 
ing was not maintained. Economy of material was effected 
at the cost of the road covering, which at length suddenly 
collapsed from sheer want of thickness, but without ever 
exhibiting any surface inequalities. 

General Recharging. — This result is obviated by the 
more elaborate method of repair which is now gradually 
being adopted. The principle of this process is as follows :— - 
Just sufficient is done annually to keep the surface in good 
order, and as soon as the road coating has worn thin a thick 
coating of metal is laid uniformly over the whole surface, 
and consolidated at once by the steam-roller. This method 
is an immense gain from the point of view of convenience 
for traffic. The road is always maintained in good condi- 
tion, and when recharging is necessary everything is done 
to hasten consolidation. The surface is loosened, artificial 
watering is resorted to, and binding material is used when 
necessary, the repair being done at any season of the year. 
For general recharging the metal should be spread in layers 
not less than 4 in. thick, and the same care is used as in the 
construction of a perfectly new road. Care must, however, 
be taken not to spread more metal than can be completed 
in one day's rolling. Half the roadway may be coated, 
rolled, and finished before the other half is touched. 

The success of this method depends upon the attention 
which is bestowed upon the road in the intervals between 
the periods of recharging. Weak places are almost certain 
to develop, and a certain amount of patching will be 

R 2 



250 ROAD-MAKING. 

necessary to maintain a smooth and even surface. But if 
these are attended to periodically a great saving will be 
found to result from this method, and the rapidity of wear 
is so greatly diminished that several years may elapse 
before another recharging is necessary. It is true that all 
parts of the road, will not wear equally, and the weaker 
portions may require recharging before the other parts. 
Such weak spots can, however, be temporarily strengthened 
by a thin layer of new material, spread in wet weather and 
lightly rolled; by which means they are maintained in good 
condition until the time arrives for general recharging of the 
whole road. The plan of general recharging in thick coats 
is especially applicable to roads subjected to heavy traffic. 
On such roads patchwork repairs in thin layers would 
involve such continual attention as to be not only wasteful 
in economy, but extremely inconvenient. 
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CHAPTER XXIV. 

Care of Roads, — Cleansing, — Watering. — Sweeping 
AND Scraping. — Mud. — Surface Water. — Ad- 

VANTAGES OF TaR MaCADAM. RESTORATION OF 

Shape of Roads. — Maintenance of Paved 
Roads. 

Care of Roads. — In the maintenance of macadam roads 
provision siiould be made not only for maintaining an even 
surface, the crucial test of proper management, but also for 
keeping that surface clean and free from dust and mud. 
This is necessary both for the purpose of prolonging the 
wear and also on sanitary grounds. Analysis of road mud 
reveals the striking fact that a very large proportion consists 
of animal excrement. Dr. Letheby found that, on a stone- 
paved road, the average composition of mud is as 
follows : — 

Animal excrement ...* ... ... 57 

Abraded stone ... ... ... 30 

Abraded iron ... ... ... 13 
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On macadam roads abraded stone forms the greater 
portion of the superficial detritus. Even if we neglect 
sanitary consideration and look only at their injurious 
influence upon the road itself, we shall find that dust and 
mud are detrimental to wear, acting in a similar manner 
to the emery on the lapidary's polishing wheel. This 
scouring action is more especially exerted by mud ; but 
the removal of dust in dry weather is one of the best 
means of preventing an accumulation of mud in wet seasons. 
A coating of mud, also, if it is allowed to remain on the 
road in wet weather, keeps it always soft and damp by 
preventing evaporation. In this way disintegration by frost 
is greatly facilitated. 
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Cleansing. — A proof of the influence of mud in pro- 
moting wear is to be found in the fact, which experience 
has firmly established, that the oftener roads are cleansed 
the less is the mud which is created in the interim, so that, 
instead of the expense of maintenance being increased by 
this extra attention, the reverse is the case, the roads being 
kept in better preservation. As an example of this the 
following instance may be mentioned. Sir J. Whitworth's 
street-scraping machine, as employed in Manchester, was 
shown by calculation to have effected an enormous saving 
in the wear of the roads and in the quantity of detritus 
which this wear produced. It has, indeed, been frequently 
stated that a good cleansing is worth a coat of metal. 

There are cases, nevertheless, in which cleansing may be 
carried too far. It is not desirable, for instance, to remove 
all the detritus in dry weather from siliceous roads which 
tend to become loosened by drought, as this would only 
serve to facilitate still further the natural progress of surface 
disintegration. In such cases watering will be found a 
better remedy than sweeping. Water has the effect of 
binding the surface of gravel or flint roads, but on lime- 
stone it has a softening influence, and such a remedy 
would, therefore, be inadvisable. 

Watering. — With reference to watering roads, a few 
words may be said on the use of sea water for this 
purpose. It has been found by some surveyors that an 
excessive- use of salt water is injurious to the road. In long 
droughts, when the roads are watered several times a day 
with sea water, a crust of salt is soon formed on the surface. 
This, owing to its hygroscopic nature, acts as a wet blanket 
when the air is damp, and causes the surface to disintegrate 
and come up in patches. The only remedy in this case is 
a thorough washing of the surface with fresh water. This 
action appears to be more pronounced in some cases than 
in others, and is probably influenced to a large extent by 
the nature of the road-stone. 

Sweeping and Scraping. — Sweeping and scraping 
may be performed either by manual labour or by specially 
constructed machines adapted for horse traction. The 
latter, however, are seldom used in rural districts, where 
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fallen leaves greatly impede their action. Scraping machines 
adapted for manual use are also occasionally used ; but, 
except in the greater rapidity of their action, they are no 
better than the common hand scraper, and, moreover^ are 
much more liable to injure the road surface. 

The amount of injury which may be done by scraping 
may be considerably diminished by performing the opera- 
tion at a suitable time. If the mud is allowed to get too 
dry, the pressure exerted in scraping it off is liable to loosen 
the stones near the surface, and to remove not only the 
mud but also some portion of the road coating as well. 
There is the same objection to allowing the mud to accumu- 
late until it gets too thick to be easily scraped off. On a 
road which is in a very soft condition heavy scraping should 
obviously be avoided. Sometimes such roads are coated 
with a thick, sticky mud which can only be properly moved 
by the plentiful use of water. In this case water should be 
used in spite of the softness of the road, as more good than 
harm will result from the complete cleansing thus effected. 
Experiment has shown that by this means the quantity of 
useful grit which is removed with the mud is greatly 
diminished, and the road is left in a much better con- 
dition than before. 

Mud. — The disposal of the mud removed from roads by 
scraping is often a cause of trouble. The wayside heaps 
so often left for long periods, frequently interfere with the 
drainage and gradually get scattered again by the trafHc. 
If there is no convenient space on which the heaps can be 
placed beyond the edge of the road, it is better to remove 
them altogether. 

The excessive quantities of mud which form so disagree- 
able a feature of many country roads in winter may be due 
to several causes. Of course, the chief source of this mud 
is the abrasive influence of traffic upon an unsuitable road 
material. But even if abrasion is not excessive, long- 
continued neglect may gradually result in the accumulation 
of thick coatings of mud, especially in the low-lying and fiat 
portions of the road. Another fertile source of mud is the 
injudicious use of unsuitable binding material in the body 
of the road. On a badly-constructed road, also, with only a 
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thin coat of metal, it is possible that a considerable propor- 
tion of mud may work up to the surface from the subsoil. 
Before any attempt is made to remedy this defect it is 
advisable to ascertain what is the cause of the mud. A 
mistake which was frequently made in the older methods of 
road repairing was to select these muddy places and to cover 
them up with new metal, instead of first scraping the mud 
carefully off the surface. If the mud is due to the working 
up of the subsoil, the road construction is at fault, and the 
road coating requires strengthening by the careful spreading 
of new material. In very many cases, however, it is the 
surface which is at fault. If the road is allowed to remain 
uneven, water will stand in puddles upon it instead of 
draining off into the side channels or water tables. The 
best way to prevent mud, therefore, is to maintain an even 
surface at all seasons, and to remove the detritus caused by 
wear, either by sweeping the road in the dry season, or by 
scraping it as early as possible in the autumn. 

Surface Water. — This brings us to another most 
important point in the proper maintenance of macadam 
roads, viz., attention to the disposal of surface water. 
Heavy rainfall always causes a certain amount of wash, 
which collects in the w^ater tables and gradually chokes 
them up. On steep gradients the scouring of the surface 
by rain wash often becomes a serious cause of surface 
disintegration. The formation of incipient gullies and 
water channels in a road during heavy rains should, there- 
fore, be carefully watched. If checked at the beginning by 
providing suitable channels by which the water can escape, 
nuch future damage to the road may be avoided. In the 
autumn, therefore, before the heavy winter rains begin, all 
water tables should be cleared of silt and weeds, and the 
easy passage of the surface water assisted by trimming up 
the road margins and opening out the outlets into the side 
ditches. The silt from the water tables may be added to 
the scrapings, and either removed or stored up for use as 
binding material. The same attention is necessary with 
regard to the ditches, which require periodical cleaning. If 
water is allowed to stand high in the ditches it will soon find 
its way into the substratal portions of the road itself. It is 
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well, therefore, to provide for its speedy removal, making, if 
necessary, additional drainage channels to carry it away. 

Advantages of Tar Macadam. — In connection with 

the cleansing of broken stone roads the great advantages 
resulting from the use of tar macadam may be here men- 
tioned. The use of tar macadam seems to be growing in 
favour, and when properly constructed such roads are 
certainly free from many of the defects experienced with 
ordinaiy macadamised surfaces. This is particularly the 
case as regards their cleanliness. Tar macadam, being 
quite impervious to moisture, can be swept perfectly clean, 
and even washed without injury. The stones, also, being 
held more firmly in position by the binding action of the 
tar, no movement can take place internally, and no mud 
can be formed except such as is produced by the natural 
wear of the surface. Repairs, also, are easily done by 
chipping out the affected parts, refilling with fresh tar 
macadam, and rolling in with a hand roller. The cost of 
maintenance of such roads is, therefore, considerably 
reduced. 
Restoration of Shape of Roads.— An improvement 

of which many rural roads are sadly in need is the restora- 
tion of the surface contour to its proper form. In many 
cases the injudicious piling of new metal on to the centre of 
the road, which was the prevalent method of repair indulged 
in by our forefathers, has resulted in the production of what 
are known as barrelled roads, the disadvantages of which 
have already been abundantly illustrated. In other cases 
the surface has become flattened or even hollow in the 
centre, and proper surface drainage has been thereby 
rendered impossible. Hollow roads cannot be economically 
brought up to the proper contour all at once. To do so 
would often involve a very thick coating of metal. Where 
the traffic is light the contour should be restored gradually 
by spreading a cheaper material in the centre of the road ; 
and, when it has thus been brought up to the desired slope, 
a top dressing of harder material may be spread over the 
whole roadway. When the sides of a hollow road contain 
more than the required thickness of metal, the form of the 
road can also be restored by picking off the sides in summer. 
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screening the material, and relaying the coarser stone in the 
centre. Barrelled roads can also be treated in a similar 
manner, and the cross section restored, without the addition 
of any new metal, by picking off the centre and applying 
the screened material to the lateral portions. 

One of the most difficult cases of road distortion is that 
which is often met with in bog roads. These are liable to 
get completely out of shape owing to the natural instability 
of the bog foundation. Sometimes the centre becomes 
depressed and the sides rise ; at other times the sides get 
completely cut away. Stability in such cases is not 
improved even by laying a pitched foundation. The most 
suitable treatment is a thorough drainage of the road bed 
by cutting deep longitudinal drains on each side of the 
road, about lo It. back, with frequent transverse drains in 
the road bed itself; after which the foundation may be 
strengthened by sods and fascines. This process, however, 
necessitates a complete reconstruction, involving great cost. 

The damage done in some localities to macadam roads 
by gas or water companies, and in the construction or 
repair of sewers, is often a source of permanent injury to 
the road. In general, the road surveyor has the power to 
control such works, so far, at least, as to indicate the 
methods to be adopted in breaking up and restoring the 
surface; but, except for extensive works, this control is 
often not exercised, owing to the difficulty in supervising 
every small opening which may be made for purely local 
purposes. In all possible cases, however, it is necessary lo 
see that excavations are only made in the shortest possible 
sections at one time. Care should be taken to keep the 
top metal separate from that of the lower portions of the 
roadway. In filling in, the materials should be replaced in 
their original positions, the surface metal being restored on 
the top ; and any extra material required to bring the road 
to its proper shape should be of good stone, and not, as is 
often the case, of any rubbish that may be available. 
During the filling the material should be well rammed, and 
watered if the weather is dry. If the restored portions 
show signs of sinking or breaking up, those who undertook 
the work should be held responsible for repairing the same. 
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It is generally impossible, however, in the case of macadam 
roads, to get adequate compensation for the amount of 
permanent damage caused by these openings. The men 
employed by gas. or water companies are often utterly 
careless of the way in which the trenches are repaired : all 
the materials excavated are indiscriminately rammed in on 
the top of the pipes, leaving a hump of mixed stone and 
earth which soon wears loose, and never properly consoli- 
dates, until it is re-excavated to a depth of 6 in. and filled 
in with good clean metal. 

Maintenance of Paved Roads. — The secret of the 
successful maintenance of paved roads is a careful watching 
during the first year or two and the immediate rectification 
of any unevenness which may become noticeable from de- 
fective stones, or weal^jliciuudatipns at any points. This is 
more particularly liable to occur in a brick pavement. 
Cracked bricks are often the result of a yielding subsoil. 
It has been noticed that on a clay subsoil even Stafford- 
shire blue bricks often become fractured unless an inter- 
vening cushion, 3 in. thick, of ashes is interposed. It has 
already been shown that in all kinds of block pavement, 
whether of brick, wood or stone, unevenness means in- 
creased wear. For this reason the edges of the blocks are 
especially liable to become rounded if th.ey are not closely 
jointed. In the case of bricks, want of uniformity in quality 
is almost certain to occur, and can often only be brought to 
light by the way in which the inferior blocks wear under 
traffic. Any such blocks showing signs of more rapid wear 
than the rest of the pavement should be at once removed 
and replaced by others, in order to avoid the injury to 
the adjacent blocks resuUing from the constant collisions 
brought about by the effects of the inequality. For a 
similar reason, any sinking blocks should be at once re- 
bedded to the proper level. Such sinking ought not to 
take place if the foundation is properly made ; but it is a 
common defect where concrete foundations are not used. 
These defects are most likely to occur in the early stages of 
the pavement, and prompt attention to them will greatly in- 
crease both its duration and cost of future maintenance. 

Precisely similar treatment is necessary in the case of 
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wood blocks. The life of a wood pavement may be said to 
depend largely upon the homogeneity of the wood, and 
consequent freedom from holes due to the decay of isolated 
blocks. Defective blocks should, therefore, be at once re- 
moved, and any unequal settlement should be remedied 
by rebedding the sunken portions before the neighbouring 
blocks have become injured by the uneven surface. 
Experience has shown, also, that wood pavements wear 
better if sprinkled occasionally with sand or small gravel, 
which is gradually ground by the traffic into the surface. 
The effect is most marked on soft woods, into which the 
small particles of stone are more completely embedded by 
the pressure of traffic than is the case with hard woods. 
The advantage of a permanent foundation is seen in the 
ease with which any worn or defective portions can be re- 
moved and relaid with fresh material. When board founda- 
tions are used the repairs are often complicated by the 
necessity of renewing the foundation as well as the blocks ; 
in which case care must be taken to secure a proper bond 
with the undisturbed part of the foundation. 

Blocks, both of wood and stone, when only slightly worn, 
can generally be utilised again in other localities where 
traffic is lighter. Wood blocks should be recut for this 
purpose. Old setts should be sorted. Some may be good 
enough to use again, while others will only be fit for 
breaking up into macadam. 

Before laying new blocks, the old sand cushion must be 
loosened and fresh sand added where necessary, m order to 
bed the blocks to the proper level. 

Asphalt pavements require the same care and prompt 
attention to repairs as those of wood or stone. Small 
breaks are liable to occur in asphalt which, if neglected, 
rapidly extend. The affected part should be cut away for 
some distance beyond its area, and the asphalt then stripped 
off from the foundation, so as to leave a square-cut hole. 
This hole is then refilled with new asphalt, which soon 
becomes so thoroughly welded into the old pavement that 
the patch can scarcely be seen. When many patches are 
required in a small space, it is better to strip and relay the 
whole of the affected area at once. 
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The hydraulic cement base is far more convenient than a 
bituminous base when repairs become necessary. With the 
latter, stripping becomes difficult, if not impossible, owing to 
the amalgamation which takes place between the asphalt 
cover and the support. 

Uneven wear in asphalt pavements generally results from 
want of uniformity in the material, or from want of care 
in laying it. For this reason it is usual to require the 
contractor to keep the pavement in repair for a time at his 
own cost, and to maintain it for another period at a fixed 
rate, whereby alone can be secured the exercise of proper 
care in its construction. Although more readily cleansed 
than other pavements, asphalt suffers most from the neglect 
of this attention. The presence of a layer of dirt in damp 
weather not only increases its slipperiness, but also con- 
tributes to its more rapid decay. 

With wood pavements cleansing is absolutely necessary 
on sanitary grounds, owing to the penetration of organic 
refuse into the substance of the wood, as already explained. 
One of the advantages claimed for treatment with Carbo- 
lineum avenarius, instead of ordinary creosote, is that it 
renders cleansing more effectual, since its surface remains 
moist even in dry weather, and mud or dirt does not adhere. 

The breaking up of paved roads for the purpose of laying 
street mains is even a more serious matter than in the case 
of macadam. It was estimated that the life of the wood 
pavement in the Strand was shortened by at least a year on 
account of injury to the foundations occasioned by the large 
amount of disturbance produced for this purpose. In 
repairing such openings, it is advisable to insist upon 
additional pavement being taken up, so as to expose the 
concrete foundation for at least a foot all round the 
excavation. The edges of the foundation should then be 
bevelled off to a slope of i in 3, and the excavation 
completely cleaned of all loose rubbish before it is refilled 
with fresh concrete. An interval of a few days is advisable 
before relaying the pavement to enable the concrete to 
harden, and traffic should not be permitted over the patch 
until three or four more days have elapsed. 
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CHAPTER XXV. 

Cost, — Details of Cost, — Cost of Steam Rolling. 
— Cost of Broken Stone, — Cost of Tar 
Macadam, 

Cost. — Up to the present no mention has been made in 
these pages of the actual details of cost, which must of 
necessity be a most iniportant consideration in all questions 
of road construction or repair, and which deters many road 
authorities from undertaking the extensive improvements of 
which many roads stand so much in need. If judged by its 
relative importance, indeed, the question of cost should 
occupy the first place instead of being the last to be dis- 
cussed. But this course has been deliberately taken in the 
preparation of these chapters, for the reason that when the 
relative advantages and disadvantages of different methods 
have been pointed out, a comparison of their cost will be 
more intelligible than if these details are scattered promis- 
cuously throughout the separate portions of the series. 
With respect to prices, also, a word of caution is necessary. 
The reader must be prepared to find great differences in 
cost in different localities and at different times. Both the 
price of materials and the' condition of the labour market 
vary within wide limits, not only in different countries, but 
also in different parts of the same country. Fluctuations in 
price are always taking place, and statistics of cost are in 
continual danger of being out of date. But, provided that 
these statistics are taken as having rather a relative than an 
absolute value, much useful information may be derived 
from a careful study of the way in which the large sums laid 
out on our modern roads are expended. 

Of necessity, a large part of the accompanying details has 
been gathered from the collected experiences of road 
surveyors in different parts of the kingdom, and the first 
point which will strike the reader will probably be the great 
differences in the cost of road maintenance in different 
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counties. Every surveyor is probably aiming at the best 
solution of the problem involved in trying to keep his roads 
in good order at the smallest possible cost. 

No true comparisons can, however, be drawn without . 
knowing at the same time the nature of the road and of 
the traffic upon it. The width of the road is also an im- 
portant point, as well as the local cost of labour and 
materials. Heavy traffic over a wide, level road would 
not require such expensive treatment as the same weight 
of traffic on a narrow road with steep gradients. This 
difficulty of comparison cannot, unfortunately, be met by 
taking averages over long periods of time. Conditions of 
travel vary so much with the march of time that the average 
of past expenditure is very little guide to future require- 
ments. Variations in seasons, as well as in traffic, cause 
great differences in the wear and tear of roads. Periods 
of abnormal rainfall, frosts and snow, and other meteoric 
agencies, all impress their mark upon the bill of costs for 
road maintenance, if this maintenance is efficiently carried 
out. Thus, the snows of the years 1881 and 1891 added 
about ;£^5oo to the cost of maintenance in Hants. Even 
when considering individual counties requirehients vary 
within wide limits. Agricultural districts and colliery dis- 
tricts require very different expenditure. In every county 
there are many miles of road which do not cost but a frac- 
tion of the average expenditure per mile of the whole 
county. Then, again, districts grow and requirements in- 
crease wirh the demands of extra traffic. Cost is also 
largely influenced by control. Uniformity of management 
contributes more than anything else to economy — a fact 
which is abundantly illustrated in the present system in 
which the main roads are maintained by the County 
Councils and the parish roads by the District Councils, 
causing a considerable amount of conflict in urban districts 
and elsewhere where the two authorities overlap. 

Again, our whole system of road management is under- 
going a rapid and complete revolution. The tendency of 
the present day is to attempt to repair the errors of the 
past, and to bring all our roads up to an efficient standard. 
This process must necessarily involve a temporary increase 
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in cost ; but it is probable that, in the majority of case^i 
when once the required standard has been reached, 
there will be again a substantial reduction in the annual 
expense of maintenance, since a good road will always, in 
the long run, be more economical than a bad one. 

This point has been plainly illustrated in a recent paper 
by Mr. E. P. Hooley, in which a saving in maintenance was 
shown to have been effected by starving the roads, until the 
mischief resulting from this policy became so pronounced 
that drastic measures were needed to remedy them. The 
result was that the cost went up at a bound from ;^38 to 
;^23o per mile. 

Before entering upon the minuter details of the cost of 
various kinds of road it will be interesting to examine a 
few typical examples illustrating the annual cost of main- 
taining the macadamised and other roadways of this 
country. 

In England the cost per mile per annum of urban roads 
has been calculated at ;^t4o, that of rural roads at £56, 
and that of lanes and by-roads at ;^28. Other authorities 
have worked out the average cost of English main roads at 
;^ioo per mile. In Ireland the total cost amounts to 
about ;^7oo,ooo per annum for 51,000 miles of road; 
which gives an average of only ^i^ 14s. per mile. 

If we consider the county expenditure only we find the 
following results in typical cases : — 



Mileage. 


Cost per Mile. 




£ s. 


d. 


Hampshire (Rural) 487 . 


.. 19 3 


9 


„ (Urban) 39 . 


.. 92 II 


3 


Nottingham (Highway Boards) 120 . 


•• 43 14 





„ (Urban) 54 


... 75 18 





„ (Parish) 146 


... 43 7 


6 


Mid-Lothian 555 


... 44 





Armagh ^1613 


... 12 14 


9 


Kent (main roads) 138 


... 407 






These figures are merely given to show how delusire are 
the results of any calculations of the cost of roads over a 
wide area of country. 
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County. 


District. 


Kent... . 


..Dartford . . 


>> 


..Ashford ... . 


)> 


..Sevenoaks 


>> 


..Gravesend 


» 


..Gillingham 


>» 


. . Maidstone 


» 


..Beckenham . 


Surrey 


..Reigate ... . 


99 ••• 


..Richmond 


Yorkshire . 


..Goole 


Lancashire 


.Widnes ... . 


Middlesex. 


..Hendon... . 


Warwick . 


..Aston Manor. 


Guernsey . 


• . 



More instructive are the following figures, given by 
Mr. O. C. Hobson, as the cost of roads and road materials 
in certain districts. These figures, however, do not afford 
very precise information, being merely derived from the 
total annual expenditure in each case. Thus, some of the 
Mid-Lothian roads on which traffic is excessive cost more 
than ;^2oo per mile, and one — the Musselburgh road — as 
much as j£4So per mile per annum, although the average 
cost of all the roads was only ;^44 per mile. 

Cost per 
Mile. Cost of Materials. 

.. 58. ..3/6 and 7/6 per c. yd. 
.. 70. ..2/10 „ 14/- 

•• 70---5/2 ,, 5/6 
• 95 "-4/3 »» 12/9 per ton. 
. . 100. . . 4/- per cubic yard. 
..140... 4/7 and 4/9 per c. yd. 
..200. ..5/6 „ 8/- „ 
..109. 13/6 per ton. 
..220.. .8/3 and T4/6 per c. yd. 
.. 70.. .8/- „ 11/- per ton. 
.. 70... 7/6 
•• 85. ..7/7 „ 10/3 
.. 89. ..6/8 

33 •••3/6 n 7/3 per c. yd. 



99 

99 



99 



>l 



)> 



Where traffic is considerable the width of roads has such 
an important influence upon cost that it is better to com- 
pare the cost per yard superficial rather than the cost per 
mile. Thus, in Brighton, where the roads are exclusively 
macadam, the cost, in the busiest pstrt, reaches 2s. 6d. per 
yard for maintenance, and averages is. 7^d. for all the 
roads. In Norwich the macadam roads cost about is. 7d. 
per yard, but the tar macadam only 9d., the difference 
being chiefly due to economy in cleansing. In Liverpool 
the average cost of the macadam streets for maintenance 
works out to nearly is. 7d. per .yard. 

In London the macadamised roadway at Charing Cross, 

now replaced by pavement, cost as much as 5s. per square 

s 
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yard for maintenance, while Parliament Street cost 3s. 6d. 
and Regent Street 3s. yd. ; but the highest cost of all is 
found in Paris, where 22 per cent, of the roads are 
macadamised, and the annual cost of maintenance on 
roads of the first class reaches los. Qd. per square yard. 

Examples might be multiplied indefinitely, but the above 
will be enough to give a general idea of the limits between 
which the cost of maintaining macadamised roads may be 
expected to vary. 

Details of Cost. — We will now examine in fuller detail 
how this cost is to be apportioned between the different 
items which go to make the total, in connection with which 
an actual example, taken from the Borough Surveyor's 
report of the cost of re-coating Railway-street, Wolver- 
hampton, may be useful. This was as follows : — 



Stocking (/>. " lifting " the roadway 

12 days at 3s. 2d. 
Stone, — 158 tons at 5s. Qd. 

Horse hire, 15 days at 8s. 

Labour, 6^ days at 3s. 8d. 
Sand, — 43 tons 

Horse hire, 6 J days at 8s. 

Labour, 6 J days at 3 s. :^d. 
Water,. — Horse hire, 3 days at 8s 
Steam Rolling. — 3 days at los. 

Driver, 3 days at 5s. .... 

Flagman, 3 days at 3s. 4d. 

Coke, oil, &c., 



) 



£ s. d. 



45 
6 

I 

3 
2 

I 

I 

I 

o 
o 
o 



18 

8 
o 

2 
18 
12 

I 

4 
10 

15 

10 
9 



o 
6 
o 
II 
6 
o 

4 
o 

o 

o 

o 

6 



Total cost for 1,422 yards ... ^^66 9 9 

= 11 •2d. per yard. 

This cost of about i id. per square yard is therefore approxi- 
mately made up as follows : — 

Stocking ... Jd. 



Stone 
Sand 

Watering ... 
Rolling . . . 



Sid. 
lid. 

id. 

id. 
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It will be noticed that this is the cost incidental to re-metal- 
ling only, and does not include cleansing and other details. 
To this must be added, therefore^ the cost of supervision, 
which usually amounts to between 5 and 6 per cent, of the 
total expenditure, and the cost of sweeping, scraping, 
watering, and small repairs necessary to maintain the road 
in good condition. 

Cost of Steam-rolling. — It is a difficult matter to lay 
down any fixed rules as to the cost of steam-rolling, since 
the quantity of work which can be done in a given time 
varies with the number of stoppages necessary and other 
uncertain factors. It is found that in Nottinghamshire an 
average of 30 tons of broken stone can be rolled in one 
day; but this quantity will vary with the weight of the 
roller, the quality of the stone, the thickness of the coating, 
and the area of the patches. Large patches are rolled 
more quickly than small ones, owing to the smaller number 
of stoppages necessary in the former case. 

In comparing the estimates of cost of steam-rolling, also, 
different surveyors make up the total in various ways. 
Some include only the wages of the driver and the actual 
cost of working the roller, while others include the wages 
of the additional men required for spreading, binding, 
watering, and sweeping. The following may be taken as an 
average example of the cost of rolling 165,329 superficial 
yards of road, covered with 9,132 cubic yards of mountain 
limestone and chert : — 

Engine-driver 

OWCCL/Ci 3 ... ••. ««• .«• ••• 

Horse hire 

V^VtAX ••« ••• ••• t«« ••• • • • 

Oil and sundries 

Depreciation and repairs to roller, 
20 per cent. ... 

Total 434 16 I 

This amount works out at 11 •4d. per cubic yard of stone, 
or a little more than Jd. per superficial yard. 

S 2 



£ 


s. 


d. 


63 


6 


6 


78 


6 


4 


124 


9 





54 


9 





32 


9 





81 


16 


3 
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Cost of Broken Stone. — The following table gives 
the cost of some of the better-known igneous rocks, broken 
by machine; hand-broken stone being rather more ex- 
pensive : — 

Comparative Prices of Broken Stone, per 
Ton (Free on Rail). 









Mount Sorrel . . . 
Stoney Stanton 

Enderby 

Charnwood Forest 
Bardon Hill ... 
Penmaenmawr 

Clee Hill 

Rowley Rag . . . 

Penlee 

Guernsey 



s. d. 



... 5_3 

... j 

...| 5 3 

t • • I ^~~ 
... 6 4 



B 

o 

a 

CI 



c 

• mm 






OU 



O X 

bAg 
tt o 

6^ 



s. d. 
4 9 



4 
5 
:> 
5 
4 
5 
4 
6 



3 
o 

o 

3 
o 

5 

7 
o 



6 lo 



s. d. 


s. d. 


5 3 

4 3 

5 o 




5 o 




5 9 

4 4 

5 7 

5 I 

6 3 


5 3 


7 4 





s. d. 
6 3 



S 
5 
5 

8 



6 
6 
6 
6 
6 



7 II 

8 4 
5 o 
4 o 



Cost of Tar Macadam. — The cost of tar macadam 
as usually laid down for roadways varies somewhat with the 
amount of preparation of the ground that may be necessary. 
Where the foundation is already made, as in the case of old 
paved roads, the only preparation required is stripping and 
making good any weak places that may occur in the 
existing foundation; but when new ground is to be 
covered the cost of preparing a foundation may be con- 
siderable, and often adds as much as 30 per cent, to the 
total cost. 

The actual cost of tar macadam as laid in Canterbury 
proved to be as follows : — 

In the first place the materials required for making forty 
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cubic yards of macadam amounted to gs. 2d. per cubic 
yard, as shown by the accompanying items : — 

£ s. d. 

45 cubic yards of pit gravel at 3s. 6d. ... 717 6 

79 gallons of tar at 2jd. per gallon ... 016 5^ 

234 lb. of pitch at 46s. 8d. per ton ... o 4 io|^ 

84 bushels of coke at 9s. 4d. per chaldron, i i 9^ 

30 bushels of breeze ... ... ... o 8 o 

Wages for preparing and mixing ... ... 718 7 



Total cost of materials... ;^ 1 8 7 2I 



2 



This mixture, costing 9s. 2d. per cubic yard, is laid to a 
thickness, when compressed, of about 4 in. ; so that the 
cost of materials for coating one superficial yard will 
amount to is. 6d. 

The cost of laying will include the following items :-— 

 s. d. 

Cost of mixture ... ... ... i 6 per yard. 

Stripping road, 8 in. thick ... 09 „ 

Broken brick ballasting .. . ... o 10 „ 

Applying tar macadam in three 

layers and finishing ... ... o 9 „ 

Rolling ... ... ... ... o 3 ,, 

Sundries, 10 per cent. ... ... o 5 ,, 



46 „ 

The life of such a pavement being taken at seven years, 
and cost of annual repairs at 2d. per yard, the whole cost 
amounts to less than lod. per annum per yard super, and 
will be much less if the cost of stripping and foundation be 
deducted. In Croydon, where the old road foundation 
was not disturbed, and some of the old road metal was 
utilised for the lower layer of tar macadam, the total cost 
was about 3s. 6d. per square yard when laid down 8 in. in 
thickness. 
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CHAPTER XXVI. 

Cost of Paved Roads, — Cost of Setts. — Cost of 
Cleaning Old Setts. — Cost of Wood Pave- 
ment. — Cost of Asphalt. — Comparative Cost. 
— Conclusion. 

Cost of Paved Roads, — The first cost of paved roads 
is naturally much greater than that of macadam ; but when 
the probable duration of the pavement and diminished 
annual cost of maintenance are considered, these are often 
in the end the cheapest. A comparison of the total 
expense of these two classes of road may be drawn from the 
following figures, taken from an actual estimate prepared for 
one of our Midland cities ; — 

Granite setts, 

on concrete Macadam. 

foundation 

6 in. thick. 

Cost of construction, for an area of 

about 8,000 square yards ;^4>375 £^^^9^ 

Cost of sinking fund and interest for 
thirty years at ;^223 per annum.., 6,690 — 

Cost of annual repairs for thirty years 

at ;£'2 43 per annum ... ... — 7j29o 

Cost of scavenging and watering for 

thirty years ... ... ... 2,310 5,940 

Total cost of pavement^ with main- 
tenance for thirty years 9,000 12,230 

From these figures it is seen that although the first cost of 
the paved road is nearly four times that of macadam, being 
at the rate of 12s. per square yard for the former against 
3s. 3d. for the latter, yet in the long run there is a saving of 
more than ;^3,ooo in favour of the larger outlay, exclusive 
of the cost of sinking fund and interest in respect of the 
first cost of the macadam. In the case of roads subjected 
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to excessive traffic, the difference will be found to be still 
greater, owing to the excessive cost of maintenance of 
macadam under such conditions. It is stated that the cost 
of maintaining macadamised roadways may reach as much 
as five times that of a road paved with granite setts. This 
excessive yearly cost, if capitalised for only twelve or 
thirteen years, would counterbalance the outlay, interest, 
and cost of maintenance of the granite pavement. 

Cost of Setts. — In the above figures the first cost of 
the granite sett pavement is perhaps rather below the 
average. In London a pitched roadway formed of granite 
setts, on 6 in. of Portland cement concrete, would co&t 
about 17s. per superficial yard. There will, of course, be 
a considerable difference in different localities, and with 
different materials. The influence of the cost of materials 
is shown in the accompanying table exhibiting the prices 
of sonie well known setts in use in this country : — 

Comparative Prices of Setts, per Ton 

(Free on Rail). 





• 

• rl 

• 

a 
•^^ 

CO 

s. d. 
?4 c 

2£ C 

21 3 

17 C 

22 t 


• 

a 

• 

.s 

CO 

s. d. 
19 
19 
19 6 
17 
19 6 
14 2 
21 


• 

a 

•mm 

VO 

• 

CO 

s. d. 
22 

21 

22 

21 6 
14 2 

23 


• 
• 

c 


• 

VO 

• 

.2 


• 

(3 
G 

s. d. 
18 

18 
20 

19 6 
18 


• 

a 

VO 

• 

CO 


1 Mount Sorrel ,,. 

1 Stoney Stanton 

Enderby 

Charnwood Forest ... 

Markfield 

Rowley Rag 

Guernsey 

Penmaenmavi r 


s. d. 
19 

18 

19 3 

17 c 
C9 6 
12 1 
23 

18 


s. d. 
18 6 

18 

19 3 
16 c 

.9 6 

13 7 
19 


s. d. 
16 6 



Cost of Cleaning Old Setts.— When old setts are 
used again the grouting of bitumen or cement must be first 
cleaned off. This, when done by hand by means of a sett- 
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cleaner's hammer, costs about io|d. per square yard. But 
bitumen grouting can be removed at an expense of only 
about 4d. per square yard by boiling the old setts in a pitch- 
boiler with creosote oil heated to 270 deg. Fahr. The 
value of old setts depends greatly upon their condition, and 
may be roughly estimated at between is. 6d. and 3s. per 
square yard. 

Cost of Wood Pavement. — In estimating the cost of 
wood pavement in large cities where the traffic is exception- 
ally heavy, it must be borne in mind that natural decay has 
scarcely time to play any part owing to the rapidity of wear 
by mechanical agencies. In such cases the expense of 
creosoting, except for sanitary reasons, is almost superfluous. 
Then again, in deciding between the use of hard or soft 
woods, in which there is a considerable diflference in 
expense, many circumstances have to be considered. Hard 
woods, although more costly, have a longer life, and involve 
less frequent obstruction of traffic for the purpose of re- 
newals ; although, at the same time, they are more noisy 
and also more slippery than soft woods. 
 Exclusive of the expense of laying, the mere cost of the 
blocks of Jarrah and Karri is nearly double that of deal. 
The following may be taken as the approximate cost 
per square j'ard, and probable duration of wood-block 
pavements : — 



Kind of Wood. 



Size of 
Block. 



Karri 

Jarrah 

Deal (creosoted) 



9x3x4 
9x3x4 
9x3x5 



Cost. 


Duration. 


s. d. 


Years. 


10 6 


16 


II 6 


14 


7 6 


8 



As regards duration, however, nothing can be stated 
positively, since the use of hard woods has not continued 
for a sufficiently long period for any pavement of this kind 
to have worn out. 

The annual cost of maintenance of wood pavement is 
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small, being practically nothing for the first three years, 
after which it increases gradually until the wood is worn out. 
Approximately the annual cost may be taken as from 3d. to 
yd. per superficial yard. 

The difference in the cost of creosoting yellow deal 
blocks may amount to about is. 2d. per superficial yard. 
The expense of grouting varies with its nature, pitch grout 
costing yd., and cement grout 6d. per superficial yard. 

In general, a fixed charge is usually made per square 
yard for construction of wood pavements, including the cost 
of concrete foundations, but exclusive of any necessary 
excavation. The cost varies with different systems of 
paving, but may be taken roughly at about 14s. per yard. 
Maintenance is also generally undertaken for a fixed period 
at a fixed rate, averaging from is. to is. 6d. per square yard 
per annum, no charge for repairs being made for the first 
year or two years, according to agreement. 

Some authorities prefer to buy the timber by the load, 
and cut it into blocks themselves. One load of timber, 
costing about j£6, may be cut into about 640 blocks, the 
cost of cutting by a steam-saw being about 4s. gd. per 1,000. 
This brings the total cost up to about ^^9 ^os. per 1,000 
blocks. 

Cost of Asphalt. — As in the case of wood pavements, 
it is the usual practice of asphalt pavement companies to 
charge a fixed price per square yard for laying, inclusive of 
foundation, and to undertake the repairs for a fixed period 
at a certain agreed price. Generally the period agreed 
upon for maintenance is seventeen years at from 6d. to 
lod. per square yard per annum, the repairs for the first 
two years being free. In London the initial cost is about 
1 23. 6d. per square yard. 

Comparative Cost. — The following table shows at 
a glance the relative cost of the above descriptions of 
pavement compared with that of macadam, and with 
regard to the duration and total cost of each for a 
given term of years. It is clear that this is the 
only way in which a true comparison can be drawn between 
them, and their advantages properly appreciated. In the 
place of the annual cost of repairs which are necessary for 
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macadam roads, is put, in the case of paved roads, the 
annual cost of a sinking fund and interest with respect to 
the original outlay : — 

Comparative Cost. 



Description of Roadway. 



o 



o 
o 

U 

'S 

5 

O 



"2 



3 
V 



<  • • • • 



I Macadam 

I Granite setts, on concrete 

I foundation, 6 in. thick ... 

Australian hard wood, on 

concrete foundation, 6 in. 

thick 

Creosoted deal, on concrete 

foundation, 6 in. thick... 

Compressed asphalt, on 

concrete foundation, 6 in. 

thick 



••• ••• ••• 



s. d 

3 3 

12 O 



i8 o 

12 O 

13 6 



o 

••5 C 

2 >, 

o 

u 



-^ 5«  u 
3 rt'O CL 

C V 9 «Q 



*5-? 






en ^ 

.5 e -, 

- »- rt 

3 

_ «; rt w 









!* 



1^ i. >f 



s. d. 

o 7*3 



s. d. 

6 



jC s- «'• i 
I 16 6 



30 o 67 23 ; I 14 6 



18 ! [ 2*4 



12 



I 1*3 



15 I 0-5 



4-6 
46 

2-8 



3 17 6 
3 14 9 

3 5 3 



This table refers only to a particular case, and must not 
be taken as universally applicable. For example, the annual 
cost of repairs in the case of macadam roads, as has already 
been pointed out, will not be the same in any two cases, 
but will depend entirely upon the amount of traffic. If in 
the above table we place the annual cost of repairs of 
macadamised roads at is. yd., sl sum by no means exces- 
sive for busy thoroughfares, the total cost would amount to 
y^3 5S' 9d. per square yard in thirty years, and would thus 
exceed that of compressed asphalt. 

Problems of cost, of which the above may be taken as an 
example, will continually arise in connection with road man- 
agement, and no greater mistake can be made than to assume 
that real economy will necessarily result from the smallest 
outlay. The true cost of a road can only be properly 
estimated when it is considered in conjunction with its dura- 
tion and expense of maintenance. In France it is gene- 
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rally considered that a change from macadam to some form 
of paved road is fully justified, on the score of economy 
alone, when the annual cost of maintenance exceeds 2S. per 
square yard ; and this change is being effected year by year 
at an outlay which has sometimes reached half-a-million 
sterling. This outlay, large as it may seem, is amply repaid 
in the long run. Good roads attract population and in- 
crease the value of the adjoining lands. They diminish 
the distance between neighbouring places and decrease the 
cost of transport, at the same time promoting intercourse 
and commercial development. The cost of bad roads to 
the whole community, both in loss of time and in the wear 
and tear of horses and vehicles, will be found in many 
cases to be greater than the outlay necessary to restore the 
roads to a proper state of efficiency. 

It has been estimated that a reduction in the cost of 
transport on French roads of only one penny per ton per 
mile would result in an annual saving to the nation of more 
than three millions sterling, and to such an extent is the 
importance of this fact realised that that country spends 
about ;^8, 000,000 annually for road maintenance. The 
exceptional facilities afforded in France for road transport 
have been the main factor in placing that country in the 
front rank with respect to automobile locomotion, a fact 
which is sometimes erroneously ascribed to a superiority in 
inventive genius. 

Good roads can only be obtained by a high degree of 
engineering skill in their construction and by aiming at a 
high standard of efficiency in their maintenance. Constant 
care and continual outlay of money are necessary to this 
end; and, while unnecessary expenditure is to be avoided, 
the community must understand that money so spent is 
often saved over and over again in time and convenience of 
transport. 

Conclusion. — We have now had before us all the 
more important considerations with which the road-maker 
is concerned, and in bringing this work to a close it 
will, perhaps, be useful to recall some of the chief points 
which it has been endeavoured to bring into special pro- 
minence. In no branch of engineering is there a greater 



274 ROAD-MAKING. 

diversity both of opinion and of practice than in road con- 
struction, and the student may well be bewildered at the 
numerous contradictory statements which he meets with in 
the current literature of the subject. The reason for this 
want of agreement is not far to seek. It is to be found in 
the varying conditions which prevail in different districts, 
and in the different circumstances both of traffic and also 
of natural adaptability to particular modes of treatment. 

Consequently fixed rules and stereotyped methods, which 
shall be universally applicable to all cases, are almost im- 
possible to devise. It is only in general principles that any 
agreement can be expected, and it is these principles which 
it has been the chief object of these pages to exemplify, 
rather than details suited only to particular cases. The 
road surveyor of all people should preserve an open mind, 
free from prejudice and preconceived bias. To carry into 
a new district practices adopted with success elsewhere, 
under totally different conditions and requirements of traffic, 
would in many cases be a most certain way to complete 
failure. 

One of the great difficulties experienced in every rural 
district is the question of materials. There is scarcely any 
part of these islands where some kind of stone is not avail- 
able for road metal ; and this local stone, though often of 
the poorest quality, has in many cases to be utilised on ac- 
count of the great expense of importing better material from 
a distance. But if this importation is deemed advisable, let 
it be of the very best stone that the country affords. Half 
measures are almost certain to be failures from the points 
of view both of economy and efficiency. 

The question of construction, also, does not affect new 
roads alone. Many of our existing roads will never be satis- 
factorily or economically maintained until they have been 
completely remade. This somewhat drastic remedy will, 
moreover, be in the end the cheapest course to pursue, and 
should even involve, in many cases, not only the remaking 
of the road from foundation to surface, but also necessary 
improvements both in alignment and gradient. Lastly, let 
it be remembered that successful road-making is a science 
which requires the application of a wide range of practical 
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knowledge. The days are gone by when any one might 
consider himself qualified to undertake the care of our pub- 
lic highways. Good roads are a necessity of present-day 
conditions of life ; and the time is not far distant when not 
only our main roads, but also our parish roads and by-ways, 
will be required to be made up to that standard of perfec- 
tion which the needs of an advancing civilisation demand. 

To quote the words of an eloquent writer, " The road is 
that physical sign or symbol by which you will best under- 
stand any age or people. If they have no roads they are 
savages, for the road is the creation of man and the type of 
civilised society." 

Nor is the day far distant when this same civilised society 
will demand not roads only, but the very best roads which 
the highest resources of engineering skill are capable of 
producing. 
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This Manual is written with a view to meet the requirements of the student, to show hun 
how he should write a specification, so that when he has learnt the method and general principles 
he may apply them to the particular exigencies of any building he may design. 

Second Thousand. 

QUANTITIES AND QUANTITY TAKING. 

By W. E. DAVIS. 3/6 

A reliable Handbook for the student pure and simple, its scope being limited to the method of 
procedure in the production of a good Bill of Quantities, leaving out those questions^ of law and 
other matters that do not come within the provmce of those for whom the work is deugned. The 
examples given, whilst intentionally simple, to avoid confusing the student by a mass of detail 
will be found to cover almost every phase of the subject. 

STRUCTURAL IRON AND STEEL. 

By W, N. TWELVETREES, M.I.M.E* "7 / 

With 234 Illustrations. I / 

In this elementary treatise the author has endeavoured to present in a regular sequence some of 
the more important details relative to iron and steel as applied to structural work. So far as 
building construction is concerned, the a^e of steel b, no doubt, still in its infancy, and if the 
architect of the future is to be master of his profession in all its branches, he should be thoroughly 
frmilf^r with all the details of iron and steel construction. 

ARCHITECTURAL HYGIENE; 

Or, SANITARY SCIENCE AS APPLIED TO BUILDINGS. 

By BANISTER F. FLETCHER, A.R.I.B.A., and f- / 

H. PHILLIPS FLETCHER, A.R.I.B.A., A.M.I.C.E. O/" 

With 305 Illustrations. 
A concise and complete text-book, treating the subject of Sanitary Science in all its branches 
(so far as it affects Architects, Surveyors, Engineers, Medical Officers of Health, Sanitary 
Inspectors, Plumbers, and Students generally), from the foundation of a building to its finiidung 
and fiimishing. and the application of modem methods of ventilation, Ughting, and heating. It 
is intended to be of use to those entering for any examination in Sanitary Science. 

StconJ Edition. Revised and corrected by the Authors. 

CARPENTRY AND JOINERY: 

A TEXT-BOOK for ARCHITECTS, ENGINEERS, SURVEYORS, and CRAFTSMEN. 

By BANISTER F. FLETCHER, A.R.I.B.A., and ^ . 

H. PHILLIPS FLETCHER, A.R.I.B.A., A.M.I.C.E. n/<" 

Wiih 424 lilnstrations. ^^' 

The authors have endeavoured to meet the requirements of the craftsman, and at the same time 
to produce a work that will be useful to the professional man in the designing of the various 
structures. They have also endeavoured to consider the desires of those who are likely to become 
candidates for the examination of the City and Guilds' Institute, the Carpenters' Company, and 
the Institute of Certified Carpenters, &c. Also for the examination in these subjects by the 
R.I.B.A. and the Surveyors' Institution, &c. 

' London: Published by DOUGLAS FOURDRINIER, 

At the Office of *'WdC JSUtlOcr/' 
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